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The main objective o f this research was to assess the potential environmental benefits o f the 
‘Local Paper for London’ (LPfL) cycle. A key challenge was to improve the efficiency o f  
uncoated woodffee printing and writing (uwf P+W) paper recycling from London’s commercial 
sector. This is achieved by ‘closed-loop’ recycling, whereby commercial consumers direct their 
waste paper back through a defined cycle to the recycled paper production facility from where 
they procure their 100% recycled uwf P+W paper. Life cycle assessment was used to define and 
compare the environmental burdens o f the LPfL cycle with those o f conventional supply 
strategies for uwf P+W papers available to consumers in the UK.
Previous LCA studies into waste paper recycling show that key environmental burdens are 
associated with energy generation, sludge disposal and transportation in the waste paper 
collection and finished product delivery phases. Improvement strategies are developed to 
address these issues in the LPfL cycle. The results point to the development of a city-scale 
PAPER-Materials and Energy Recovery Facility (PAPER-MERF). At such a plant, based near 
the recycled paper production site, waste paper can be separated into recoverable fibre suitable 
for uwf P+W paper reproduction and a fibre-based recoverable energy stock; thus, in theory, the 
cycle has the potential to be completely powered by renewable energy. Some of the fibre sludge 
generated in the pulping process is also used to generate energy. Fibre sludge can also be used 
on or off-site for a fibreboard co-product stream. Burdens associated with transportation o f  
finished paper are vastly reduced since the target consumers are local and, potentially, the 
finished goods delivery phase can be integrated with the waste paper collection cycle.
The research also considers non-environmental impacts, whereby regional waste paper 
availability and the fibre sustainability o f the LPfL product are both proven to be viable.
Abstract
Keywords: life cycle assessment; ‘closed-loop’ recycling; uncoated woodfree printing and 
writing paper; graphics papers; materials and energy recovery facility (MERF).
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R e a d e r ’s G u id e
This portfolio reports on the author’s Life Cycle Assessment (LCA) o f the BioRegional 
Development Group’s (BDG) Local Paper for London (LPfL) project In line with the evolution 
of this project (see Section 3), the LCA has focussed on the enviromnental burdens over the life­
cycle o f 100% post-consumer recycled uncoated w oodfree prin tin g  an d  w riting  p a p er  (uwf 
P+W paper). The commonest use for this grade o f paper is as office/copier paper where it is 
used in A4 size, having been supplied to the consumer in cut and packaged reams, where a ream 
o f paper comprises 500 sheets.
It must at this point be explained that the Engineering Doctorate (Eng.D.) research programme 
had to undergo a change in direction from that originally intended in 1997. The initial research 
programme had included undertaking an LCA o f BioRegional’s original ‘Local Paper’ cycle. A 
key part o f this concept had involved the production o f virgin non-wood (hemp) pulp produced 
in a novel ‘MiniMill’ technology which the group had been attempting to pioneer since 1995 
(see Section 3). At the time o f submission o f this Thesis, elements o f the MiniMill technology 
have not gone beyond bench trial scale, making the task of conducting an authoritative LCA 
impossible.
Having realised the difficulties involved in moving the MiniMill project beyond small-scale 
trials, the author set about convincing the sponsor group that the most important market-led 
direction that the Local Paper LCA could take would be to concentrate solely on a 100% 
recycled Local Paper for London promotion. This was the most sensible strategy to adopt in 
view o f the very low recoveiy rate for waste paper o f this grade. Also, because o f the existence 
of a 100% recycled uwf P+W papermaker just outside London, it would be possible work in 
partnership to promote their existing paper brand as ‘Local Paper for London’ and thus make 
available a genuine LPfL product in volume to London’s commercial consumers. This way, 
‘brand recognition’ for LPfL could be quickly achieved and, if  successful, further funding and 
industry co-operation to develop the virgin pulp production aspect o f the ’Local Paper’ cycle via 
the MiniMill technology would be more likely to succeed at a later stage. The opportunity to 
quickly develop a 100% recycled LPfL cycle, using an existing paper product, also presented a
xii
Author’s Statement
great original research opportunity since primary LCA data could be gathered for the whole 
use/recycle/remanufacture/supply cycle. A review of the literature in 1998 had shown that the 
development o f such a cycle and the construction o f an LCA would contribute to knowledge in 
this field. In 1999, following numerous detailed discussions with the industrial and academic 
supervisors (the minutes o f which can be found in Volume 3 o f the portfolio), this path was 
adopted and as a result the agreed purpose o f the Eng.D. research has been to:
• conduct an original LCA of the LPfL 100% recycled pilot cycle, known in this thesis as the 
‘Base-Case’ Local Paper for London cycle
® extend this LCA research to identify and evaluate practicable steps that could be
incorporated into the Local Paper for London cycle with an emphasis on further reducing the 
environmental impacts o f the cycle.
In order to deliver the agreed portfolio objectives, the research has concentrated upon the 
following aspects:
0 Explanation o f the specific paper grade associated with the research work, namely uncoated 
woodfree printing and writing (uwf P+W) paper.
• Analysis o f consumption statistics o f all paper grades in the UK.
• Analysis o f current UK recycling statistics for uwf P+W paper and other paper grades.
• Analysis o f the primary production/supply routes for this paper grade to London/UK 
consumers.
® Analysis o f the raw material (wood pulp) supply sources for the virgin production of this 
grade o f paper.
• Explanation o f the existing technical, environmental and economic issues associated with 
the production, supply and disposal o f this specific grade o f paper.
0 Discussion o f the comparative issues associated with virgin and recycled production o f uwf 
P+W paper.
9 Complete analysis and development o f original LCA inventory data for the M l Local Paper 
for London cycle and identification o f key environmental impacts.
9 Development o f the ‘Base-Case’ Local Paper for London LCA Impact Assessment for 100% 
recycled uwf P+W paper.
• Where data availability allowed, comparative assessment o f the environmental impacts 
associated with the Local Paper for London cycle compared with the conventional supply
routes to UK commercial consumers o f virgin and recycled uncoated woodfree printing and 
writing paper.
9 Development and analysis o f Improvement Assessment strategies that could be incorporated 
into any future development o f the Local Paper for London cycle.
• Concluding statements, including discussion o f LPfL’s role in offsetting virgin timber 
demand and the potential role the cycle has to play in the context o f ‘Sustainable City’ 
development.
One requirement of the original Eng. D. research programme involving the MiniMill project 
could be undertaken; this involved reporting on the BioRegional MiniMill Partnership Project to 
record the interplay between the environmental charity (BDG) and industrial partners in the 
development o f a six-month R&D project to test the viability o f the MiniMill technology. This 
report was completed in 1998 and can be found in the author’s Eng.D. Portfolio in Volume 3 
(Partnership Analysis Report to Bridge House Estates Trust. Hart, 1999).
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T h e  E n g i n e e r i n g  D o c t o r a t e  P o r t f o l i o  F o r m a t ,
V o lu m e  1
PART ONE: Sections 1,2 and 3 provide an Introduction to; Bioregionalism; the paper grade 
in question, and the reasoning behind the Local Paper for London project.
© Section 1: Gives an introduction to the principals o f bioregionalism. The work of the 
Industrial Sponsor, BioRegional Development Group, is also briefly explained.
© Section 2: Provides a discussion o f the paper grades associated with this report
© Section 3: Provides an outline o f the history and reasoning behind the Local Paper for 
London project
PART TWO: Sections 4,5, and 6 provide background information and analysis essential for a 
fu ll understanding of the purpose and viability of the LPfL cycle.
© Section 4: Gives an overview o f the UK paper industry. Detail is given o f the current 
consumption, production and recycling in the UK of uwf P+W paper.
© Section 5: Introduces the important issue o f the need for a sustainable fibre flow in the LPfL 
cycle. Each time paper is recycled a proportion o f the fibre is lost as a waste sludge. Hence, 
a fully closed-loop recycling system for 100% recycled paper is not sustainable; it requires 
additional fibre input to maintain the supply o f the finished product. Data is presented in this 
section to demonstrate how the sustainability o f the ‘closed-loop5 LPfL cycle is maintained 
primarily by the constant input o f virgin uwf P+W paper entering the cycle via the ‘open- 
loop’ o f ‘other paper inputs’ into commercial premises. Such paper is not ‘self-purchased’ 
by the LPfL consumer, but appears as correspondence etc. from external sources. Key issues 
explored include the physical recycleability o f paper in the LPfL cycle, fibre flow and fibre 
loss models, and the predicted average fibre age in the cycle.
© Section 6: Considers the potential benefits o f the LPfL cycle in offsetting forest 
environmental and ecological impacts by reducing virgin fibre demand.
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P A R T  TH R E E : S ection s  7, 8, 9 ,1 0 ,1 1  a n d  12 co ver th e  m ethodology, results, and
con clu sions o f  th e  L ife  C ycle A ssessm en t o f  th e  100%  recycled  L o ca l P a p er  f o r  L on don  cyc le .
o S ection  7: Discusses general LCA methodology and data issues.
© S ection  8: Represents the Goal Definition and Scoping stage o f the LPfL LCA. This
provides a broad overview o f the key environmental issues associated with the production, 
supply and recycling/disposal o f uncoated woodfree printing and writing paper. The section 
starts with a discussion of a key research issue concerning the use o f waste paper over the 
last decade; whether it is better, from an environmental impact perspective, to recycle or 
incinerate (for energy) waste paper. Discussion is then developed across a number of areas 
o f primary relevance to the Local Paper for London LCA. These include:
- Forestry impacts associated with the supply of virgin uwf P+W paper
- Energy consumption in the production o f recycled and virgin uwf P+W paper
- Transport impacts in the paper cycle
- The ‘avoided environmental burdens’ of recycling over the alternative waste 
disposal fates for uwf P+W paper.
o S ection  9: Introduces the LPfL LCA functional unit, research scope, system boundary and 
specific data issues.
o S ection  10: Provides the LCA Impact Assessment o f the Local Paper for London cycle. Key 
impact areas are identified and discussed with comparisons drawn between the LPfL cycle 
and conventional paper supply systems. These impact areas are:
Energy consumption within the Pulp and Paper production phase o f the Local Paper 
for London cycle.
Sludge disposal within the Pulp and Paper production phase o f the Local Paper for 
London cycle.
Transportation impacts associated with the waste paper collection and delivery 
cycles.
° S ection  11. Introduces a number o f key ‘improvement assessment5 strategies. These could 
be intr oduced to the existing Local Paper for London cycle, or planned into any future 
expansion o f capacity for the production o f this paper grade in the London region, or indeed 
in any other city/region with a high demand for uwf P+W paper.
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The Improvement Assessment results are presented in two ways:
Section 11.3. proposes improvements to the ‘Base-Case’ LPfL cycle excluding 
consideration o f waste paper recycling’s role in the avoidance o f landfill burdens. In 
effect, this means that the analysis gives no environmental credit to the diversion of 
waste paper from landfill.
In Section 11.4. the same improvement strategies are revisited: However, this analysis 
does include the role o f recycling in avoiding landfill burdens, ie. the LPfL cycle is 
credited for diverting all the recycled paper from landfill.
o S ection  12: Provides conclusions concerning the broad value o f LCA as a tool to be used in 
the decision-making process, and then presents observations on the role the LPfL cycle can 
play in offsetting virgin fibre demand. Finally it is argued that the Local Paper for London 
cycle has the potential to be an important element in the development and improvement of 
‘Sustainable City’ waste-management strategies.
V o lu m e  2
Contains the Appendices to Volume 1
V o lu m e  3
Volume 3 consists o f the six-month progress reports and the dissertation produced at the half­
way stage o f the Eng.D. sponsorship. These submissions provide a ‘snapshot’ in time o f the 
progress o f the research, but there is some overlap with the material presented in Volume 1. 
Volume 1 has summarised and reinterpreted much o f this work. Volume 3 also contains 
conference papers and additional reports relating to the Local Paper Project.
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Quotations:
"A a a a n d  n o w ; a m e s s a g e  fro m  o u r  s p o n s o rs :  
I n t r o d u c in g  B r e w to p ia lU  T h e  ic e -c o o l h e rb a l te a , b re w e d  b y
h ip p ie s  but distributed by a m ultinational corporation"...............................
(the last bit having b een  sa id  very quietly and very quickly). 
Kent Brockm an. N ew s Reporter. Springfield, USA. the ironic, but true, land 
of the S im p so n ’s.
“P erhaps the m ost serious obstacle  im peding the evolution o f  a  land  eth ic is the fa c t  that our 
education an d  econom ic system  is h eaded  aw a y from , rather than toward, an intense 
consciousness o f  land. Your true ‘m o d ern 5 is sep a ra ted  fro m  the land by m any m iddlem en and  
by innum erable p h ysica l gadgets. H e has no v ita l relation  to it; to him it is the space betw een  
cities on which crops grow . Turn him loose f o r  a  day on the land, a n d  i f  the spot, does not
happen to  be a  g o l f  links or  'scen ic  ’ area  he is b o red  stiff. In short, la n d  is som ething he has
‘ou tgrow n ’... the case fo r  a  land  eth ic w ou ld  appear hopeless but fo r  the m inority which is in 
obvious revo lt against these ‘m o d ern ' trends..
Aldo Leopold. 1949. A Sand County Almanac.
“M en argue, nature acts ”. Voltaire
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Executive S u m m ary
Bioregional Developm ent: A n analysis o f the environm ental 
im plications o f local "closed loop" uncoated w oodfree printing and  
w riting paper recycling.
1. Introduction to the Local Paper for London cycle.
The BioRegional Development Group (BDG) has been pioneering work with the paper 
production and waste paper recycling industries to develop a new approach to sustainable paper 
production; use, and recycling in the UK. A  key aspect of this work has been the development of 
a ‘Local Paper for London’ (LPfL) production/supply/recycle system. The LPfL project is 
focussed exclusively on the recycling and remanufacture of 100% recycled uncoated woodfree* 
printing and writing paper (uwf P + W  paper). This is one specific product in the range making 
up the ‘printing and writing paper’ sector. By far the most common use for uwf P + W  paper is as 
typical A4 sized office paper, cut and packaged into reams of paper, where a ream is 500 sheets. 
The most common uwf P + W  paper weight is 80 gsm (grammes per square metre) and it is this 
grade that is analysed in the LPfL L C A  (Life Cycle Assessment).
The LPfL cycle has been developed over the past six years such that now around 600 
commercial consumers in the London region commit to separate their waste uwf P + W  paper for 
collection by commercial waste paper companies committed to the cycle, who then send this 
waste back to a 100% recycled uwf P + W  paper manufacturer in Kent. The cycle is completed 
by the same commercial consumers committing to ‘buy-back’ uwf P + W  paper from the 
producer via paper merchants also signed up to the scheme. This existing ‘closed-loop’ 
production/supply/recycle cycle is termed the LPfL ‘Base-Case’ in this research.
Chapter 1 provides an explanation of the bioregional principles upon which the LPfL cycle is 
founded. Broadly speaking, the bioregional aim is to develop products beneficial to the local 
community in terms of use and environmental impact, using local materials and labour, thus 
stimulating the local economy.
*  “w o o d fre e ” is  a  te c h n ica l p a pe r in d u st ry  term  w h ic h  d e sc r ib e s  p a p e rs  a n d  b o a rd s  c o n ta in in g  n o  f ib re s  o the r than  
th o se  d e r iv e d  f r o m  ch e m ic a l w o o d  p u lp in g  p ro ce sse s ;  i.e. the p a p e r  co n ta in s  n o  lig n in .  ( g lo s sa r y  d e fin it io n ).
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Chapter 2 explains why specifically uwf P + W  paper was chosen for production in the LPfL 
cycle. Key reasons are that London and the South-east represent the highest consumption area in 
the U K  for this grade of paper; currently little is being recycled and most of the paper 
consumed is imported virgin paper. It is shown in Section 6 that demand for this grade of virgin 
paper is met mainly by pulp derived from hardwood timber where the greatest environmental 
concerns from global forestry practices predominantly arise. Chapter 3 describes the evolution 
of the Local Paper for London project and discusses how the LPfL L C A  fits into the wider 
research aims with plans for expansion of the project to other regions of the UK.
2. Overview of the Local Paper for London LCA.
The author’s core objective, as laid down in the Engineering Doctorate proposal, has been to 
conduct a Life Cycle Assessment (LCA) of the Local Paper for London 100% recycled paper 
cycle and to assess possible improvement strategies that could be applied to the existing LPfL 
‘Base-Case’ cycle.
In accordance with the methodology as prescribed by the International Organisation for 
Standardisation (ISO) (ISO, 1997, 1998, 1999, 2000), the LPfL L C A  has followed four stages of 
development:
Goal and Scope Definition: This includes; statement of the scope of the study (in 
this case this includes development of the ‘Base-Case’ LPfL LCA, the development 
of Improvement Assessment strategies and, where possible, comparisons with 
conventional systems of supply for uwf P + W  paper); determination of the functional 
unit of the L C A  (in this case, this is defined as 1 tonne of 100% recycled uwf P + W  
paper, cut and packaged and delivered in reams to the consumer); and development 
of the system boundary for the product system under analysis.
- Inventory Analysis: This involves the identification and quantification of the
materials and emissions crossing the system boundary. The input and emission flows 
are termed environmental burdens and the complete set of burdens per functional 
unit constitutes the Inventory Table. This process is simplified where possible by the 
use of Background data which is used for input and emission flows where generic 
data exist, for example, for transport and the provision of raw materials and energy.
Foreground data has to be compiled for the set of processes directly involved in the 
system under study. In the LPfL cycle, examples of areas where foreground data has 
been compiled include; waste collection, paper sorting operations, energy generation 
from waste paper, de-inked pulp production and papermaking.
- Impact Assessment: The body of detailed data contained in the Inventory Table is 
classified into a manageable number of impact categories describing resource use 
and environmental impacts. The individual data assigned to each category is then 
characterised in order to correctly quantify the recorded overall impact in each 
category.
- Interpretation: This is the final phase of LCA, where the findings of the Impact 
Assessment are used in line with the defined goal and scope of the study. The results 
are used ‘to effect environmental improvements’ (Consoli, et al, 1993).
L C A  was chosen as the preferred methodology since its ‘cradle-to-grave’ approach enables all 
associated environmental impacts of the LPfL product - from raw material acquisition, to waste 
disposal impacts from the cycle - to be assessed and for improvement strategies to be suggested 
and their impacts quantified.
To achieve the research objectives of the LPfL LCA, primary foreground inventoiy data has 
been developed for the current LPfL ‘Base-Case’ cycle (see Chapter 9). The Impact Assessment 
in Section 10 uses appropriate L C A  impact categories to identify and quantify the most 
significant activities in the LPfL cycle. These are: energy use, transportation, and sludge 
generation from the pulp and paper production stage.
After describing and reviewing the environmental impact profile of the ‘Base-Case’ scenario in 
Section 10, a number of LCA-based improvement assessment strategies have been developed 
that could be implemented at the city-scale in order to ‘close the loop’ further on the LPfL cycle 
(see Section 11).
In Section 12 conclusions are drawn covering L C A  and system complexity in paper production; 
the application of L C A  in a qualitative decision-making framework; complications that 
commonly arise when making comparisons with other L C A  studies; Local Paper for London 
Improvement strategies; discussion on Local Paper for London’s role in reducing the demand on
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the world’s forest systems, and finally, how the LPfL cycle has the potential to play a significant 
role in ‘Sustainable City’ development.
3. Comparison with conventional uwf P + W  paper supply systems.
Many other research programmes have applied L C A  to consider the environmental implications 
of paper production. However, as explained in Section 8, little published work exists that looks 
solely at uwf P + W  paper. This is an important issue which limited the opportunity to make 
comparisons between the LPfL cycle and alternative production scenarios for the same grade. A  
number of LCAs have been published in the last decade for paper; however most of these have 
been generalised in nature and have considered a number of paper grades with published grade- 
specific detail being veiy limited. Others that have considered specific grades have generally 
focussed on newsprint and this paper grade, as explained in Section 8, is very different in many 
ways to uwf P + W  paper. The most directly comparable published work was undertaken by the 
U S  Defense Fund-sponsored Paper Task Force Study (Paper Task Force, White Paper No.3. 
1995). Referring to this study, Section 10 provides comparisons between the LPfL cycle and 
conventional (virgin and recycled) uwf P + W  paper production and the supply to U K  consumers 
in the LPfL catchment. Whilst the Paper Task Force Study provided considerable detail, it was 
not possible to gain access to sufficient process information to make comparisons with the LPfL 
cycle across a full range of L C A  Impact Assessment categories. However, it was possible to 
provide life-cycle comparisons (using compatible L C A  system boundaries) for two of the most 
important environmental impact categories associated with paper production; namely energy 
consumption and transport impacts (IIED, 1996; Virtanen &  Nilsson, 1993).
The comparative data for fossil fuel use excluding final product delivery shows that use in the 
LPfL cycle is marginally higher than in the conventional virgin production scenario and around 
10% less than for the conventional recycled production scenario. In making this comparison, 
careful consideration must be made of the system boundaries applied to each cycle: The virgin 
cycle system boundary used in the Paper Task Force study includes waste paper final disposal. 
In both the LPfL cycle and the conventional recycle system in the Paper Task Force study, the 
cycle includes recycled paper production and the associated recycling activity, hence, in these 
systems the burden of waste paper final disposal is not included. This is a commonly adopted
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system boundary definition when comparing virgin and recycled paper LCAs, since both 
boundaries fairly represent the cradle-to-grave cycles of the product systems:
- The virgin production cycle results in no recycling activity, hence final disposal must be 
included in the analysis.
- Recycled production requires recycling activity, hence all impacts associated with recycling 
activity are included. Final waste disposal impacts are only considered in the analysis for 
material that is rejected from the collection and remanufacturing stages of the cycle.
The comparison between the virgin cycle and the LPfL and conventional recycled cycles 
(excluding final delivery) fits with industry data that show fossil fuel impacts generally being 
marginally higher in recycled production (IIED, 1996; Virtanen &  Nilsson, 1993). When 
making this comparison two things must however be borne in mind. Firstly, fossil fiiel use in the 
virgin cycle commonly accoimts for only half the total energy used in the full cycle; this is 
because in the virgin production stage, much of the energy consumed is derived from waste 
biomass from the timber processing and pulping stages. In contrast, in recycled production, 
generally all fuel consumed is purchased fossil fuel. Secondly, as explained above, in the virgin 
cycle the fossil fuel impacts associated with final waste disposal have to be included. When total 
energy use is compared, the LPfL and conventional recycled production cycles both use 
approximately half the energy per tonne of product output compared to the virgin cycle.
It is important to note that when final delivery of the product to the U K  consumer is included in 
the system boundary, the LPfL cycle compares favourably in terms of fossil fuel energy use 
with both the conventional recycled and virgin paper cycles. The LPfL cycle is estimated to 
result in an 18-fold reduction in transport energy for the final delivery stage when compared to 
the conventional virgin paper delivery scenario and a 13-fold reduction compared to the 
conventional recycled paper delivery scenario (see Section 10). Data in Section 6 shows that the 
primary delivery routes for virgin uwf P + W  paper to the U K  are from Europe, Nth. &  Sth. 
America and Asia; for conventional recycled uwf P + W  paper, the primary routes are from 
Europe and Nth. America.
Whilst insufficient detail on data sources used in the Paper Task Force Study prohibits a 
definitive answer, the marginal drop in energy consumption in the LPfL cycle over the 
conventional recycled production cycle (excluding final delivery) is likely to result from a
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combination of two factors. Firstly, the pulp and paper production plant used in the LPfL cycle 
can be considered state-of-the-art, having been commissioned in 1996, whereas the Paper Task 
Force Study data with which this is compared is taken from around 1993 from existing plants so 
that the newer LPfL production system is likely to be more energy efficient. Secondly, the LPfL 
cycle adopts a veiy localised raw material collection strategy which is likely to record lower 
energy impacts in collection than those recorded for the U S  Study.
It should be noted that the energy comparisons made with the conventional cycles recorded in 
the Paper Task Force Study are with the ‘Base-Case’ LPfL cycle. The life cycle improvement 
strategies suggested in Section 11 all therefore further strengthen the case for the LPfL cycle.
4. Overview of the Local Paper for London L C A ’s Contribution to Knowledge
The key contribution of the LPfL L C A  lies in the development of improvement strategies that 
could be applied to the existing ‘Base-Case’ cycle. Before discussing this research, two further 
key research areas not originally considered in the Engineering Doctorate proposal arose whilst 
conducting the LPfL L C A  scoping analysis. Both are beyond the bounds of the LCA, but it was 
felt by the author that the topics needed to be covered and could be addressed on the basis of the 
data compiled in this study. Their inclusion therefore complements the LPfL L C A  research and 
further contributes to knowledge.
Non-LCA research contributions.
Part of the research conducted in Section 4 considers the long-term sustainability and expansion 
potential of the LPfL cycle in terms of the raw material available from London and the 
Southeast’s office waste paper stream. Data shows that circa 70% of the office paper used in the 
region remains unrecycled. A  portion of this is deemed irretrievable since it is archived or 
exported out of the system as correspondence etc, but this still means that current collection 
levels could be more than doubled. In practical terms such increased recycling activity could 
almost double the production output of the Kent-based producer of recycled uwf P + W  paper 
involved in the LPfL initiative. The current yearly production output is circa 100,000 tonnes of 
100% recycled uwf P + W  paper (using around 150,000 tonnes of waste paper). At this early
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stage in the project’s development, LPfL consumers currently take circa 6,000 tonnes of this 
output, the rest being sold by the producer via U K  and international merchants.
A  key question posed in Section 5 considers whether expansion of the LPfL cycle can be 
sustained in terms of one vital issue concerning recycled paper manufacture; namely the 
maintenance of an acceptably low average age (in recycled generations) of the fibre used in 
manufacture. Fibre age is important in recycled paper production since each time fibre is re­
pulped a number of physical characteristics that govern key performance criteria such as paper 
stiffness, tear strength and runnability on office machines are degraded. In considering this 
question, a model of paper throughput through the ‘use phase’ has been developed and this 
demonstrates that the ‘closed-loop’ LPfL cycle operates within the wider context of the ‘open- 
loop’ flow of all papers passing through a commercial premises. Irrespective of the policy 
adopted in an office involved in the LPfL cycle whereby all ‘self-purchased’ uwf P + W  paper is 
100% recycled LPfL, quantities of paper other than that self-purchased continue to flow into the 
office from a variety of external sources. The throughput model shows that within this ‘non self­
purchased’ paper flow there is a large proportion of paper of virgin origin and it is this flow, a 
substantial part of which is sorted and presented as suitable waste material to the LPfL cycle, 
that helps maintain a low average fibre age in the LPfL product. If the only paper continually 
being sent back to the LPfL production stage were recycled LPfL, one can appreciate that the 
average fibre age would increase more rapidly. Also, in view of the losses involved in the cycle 
from sorting and from the sludge generated in re-pulping, without this input of waste paper 
originating from outside the ‘closed-loop’ LPfL cycle, the finished product output would 
diminish at eveiy cycle.
The research in Section 5 develops what is termed the ‘maximum LPfL uptake balance point’. 
This describes the maximum amount of LPfL paper used (in kg’s of LPfL consumed out of a 
total office paper throughput of 1 tonne) at which the LPfL cycle can just sustain itself in terms 
of fibre availability (after accounting for pre-determined losses of paper through archiving, 
delivery as correspondence out of the office, waste filtering in the LPfL sorting process and via 
sludge losses in re-pulping).
Having determined this maximum uptake figure, the average LPfL fibre age is determined 
assuming that all waste paper presented to the LPfL producer arrives at the ‘maximum LPfL
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uptake balance point’. At this theoretical maximum figure it is shown that the average age of the 
fibre in the cycle is just over 3 generations and, according to the literature, not at a point that 
would cause concern regarding the physical qualities of the LPfL product, although it is 
recognised that the pulp yield would diminish and sludge levels would tend to rise. It is stressed 
that the maximum LPfL uptake balance point figure would never describe the total feedstock of 
raw material used to remanufacture the LPfL product. This is because waste paper used by the 
LPfL producer will always be collected from any of London’s commercial premises engaged in 
paper recycling and not just those signed up to the LPfL cycle. A  final fibre-age analysis is 
developed for the LPfL cycle where 50% of the waste paper used in production comes from 
consumers using the LPfL product at the maximum level and 50% originates from non-LPfL 
consumers producing waste paper with a high virgin content (approximately 91% of the uwf 
P + W  paper consumed in the U K  is of virgin origin, see Section 4.3.3.). In this scenario, the 
average fibre age of 1.65 generations would cause no concern regarding pulp production and 
product quality. Reassuringly what this aspect of the research shows is that considerable 
expansion of the LPfL project will not serve up an own goal by diminishing the finished product 
quality of paper remanufactured in the cycle.
The maximum LPfL balance point analysis illustrates that whilst the LPfL cycle does not 
directly use virgin fibre in its cradle to grave cycle, such virgin material still enters the cycle and 
helps maintain a low average fibre age. With this point in mind the research in Section 5 goes on 
to consider the potential savings the LPfL cycle makes in terms of reducing virgin fibre demand. 
This is achieved by comparing the upstream fibre demands (in terms of harvested timber 
requirements) for virgin uwf P + W  paper and for the sustainable LPfL cycle operating at the 
maximum LPfL uptake balance point. Viewed this way, in theory, eveiy tonne of LPfL uwf 
P + W  paper produced results in a timber saving of 1.2 tonnes if the virgin fibre comes from 
plantation forestry (considered to be the most efficient virgin fibre production system), or about 
2.4 tonnes if the virgin fibre comes from natural regeneration forestry timber (considered to be 
the most efficient virgin fibre production system),. The same analysis is conducted to consider 
the virgin fibre savings when comparing the sustainable LPfL cycle with non-wood fibre virgin 
paper production. Here the production of 1 tonne of LPfL 100% recycled uwf P + W  paper results 
in an offset saving of circa 3.2 tonnes of virgin non-wood fibre.
Section 6 considers the global sources of fibre for virgin uwf P + W  pulp and paper. This data 
was initially drawn up as a part of the LPfL L C A  just to compare transport impacts for final
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delivery of the LPfL product with the delivery of virgin pulp and paper from the manufacturing 
countries to the UK. Having developed a comprehensive list of data for current import origins of 
virgin uwf P + W  pulp (used in U K  paper manufacture) and finished paper, and having 
commissioned research that provided data on the breakdown of timber types (hardwood and 
softwood) used in uwf P + W  paper, it was possible to extend the research to consider the forest 
types from which the timber used was likely to be originating. Numerous works have been 
published on the environmental and ecological impacts of industrial forestry practices and how 
these activities threaten a range of forest systems - from tropical rain forests to industrial timber 
plantations (IIED, 1996; FoE, 2001; W W F ,  1995; Toyne, 2002). It was possible to interpret the 
findings of these works to develop a range of environmental ‘concern ratings’ for individual 
forest types and to determine the proportions of uwf P + W  paper that originated from each 
concern categoiy. This work demonstrates that a high proportion of the virgin uwf P + W  paper 
produced globally is derived from forest types which have high or medium concern ratings 
attached to them with respect to environmental and ecological impacts. This result is due to the 
high proportion of hardwood fibre used in virgin uwf P + W  paper manufacture and generally it is 
industrial activity associated with hardwood forests about which the greatest levels of 
environmental and ecological concern exist. This shows that recycled systems like LPfL have 
environmental advantages beyond those captured by LCA.
LPfL L C A  Research Contributions.
Section 11 considers ways in which a closed-loop system like LPfL can be improved both 
environmentally and economically. The current LPfL system is at an early stage of development 
and it is demonstrated in the improvement strategies that the ‘closed loop’ philosophy can be 
further developed to not only consider paper flows around the cycle, but also to consider a 
variety of issues associated with peripheral elements of the paper cycle. These include 
renewable energy generation and co-product production. At the heart of the proposed 
improvements lies the development of a PAPER - M E R F  (PAPER - Materials and Energy 
Recycling Facility) (see Sections 11 and 12). At the PAPER-MERF, located adjacent to the 
papermaking plant, waste papers, primarily from the commercial sector, would be sorted so that 
the graded recycled fractions can be used to: re-make Local Paper for London; produce 
renewable energy to supply the de-inking/papermaking operation; and provide suitable raw 
material for a fibre-based co-product.
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Additional advantages could be realised via the development of satellite recycling industries 
around the PAPER-MERF. These suggestions fit with the Eco-Industrial Park developments 
now emerging as a result of the application of ‘Sustainable City’ initiatives and the promotion 
of Industrial Ecology principles (see Section 12). It is suggested that such satellite industries 
would be those involved in the recycling of other waste streams that emerge from commercial 
premises. Significant traffic impact reductions could be achieved by the development of a co­
operatively owned collection vehicle fleet that is capable of collecting a variety of recyclable 
materials for distribution to the respective recycled manufacturing companies. Such a move 
would reduce duplicated collection journeys to commercial premises and enable recycling 
companies to focus on the core business of sorting, processing and remaking recycled products.
The focus of attention for the quantitative L C A  results are primarily on Energy Consumption 
and Global Warming Potential because they are key areas of environmental impact associated 
with paper production and recycling. The L C A  scoping research identified that improvement 
strategies should target: transport reductions; energy consumption and the application of 
renewable energy in the production stage; and environmentally appropriate and beneficial uses 
for the sludge waste generated in recycled pulp production. Energy Consumption and Global 
Warming Potential are two of the primary environmental impact categories affected when 
improving these aspects of the paper cycle.
Reductions in Ozone Depletion and Photochemical Smog Production were also evaluated but it 
must be mentioned that with respect to these two impact categories, some detail is missing from 
the final results in Section 11 for the following reason:
With respect to the suggestions made in Section 11 for renewable energy generation, no 
L C A  data currently exists for the energy from pulp sludge and energy from waste paper 
processes that have been considered as potential renewable energy sources. The reductions 
shown in Section 11 for these two impact categories are thus only given in terms of the 
reduced transport and fossil fuel use achieved by switching some energy demand to 
energy from waste paper/pulp sludge. This was possible since data could be developed to 
determine the energy generation efficiency and thus the net energy output per tonne of 
paper/sludge input. In order to fully represent all impacts associated with the renewable 
energy strategies suggested herein, detailed emissions data from these energy generation 
processes should be developed and incorporated into any future L C A  framework.
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In Section 11 it is important to note that the improvement assessment results are considered in 
two different ways:
In section 11.3, the LPfL cycle is analysed where the only impacts considered for the primary 
raw material input, i.e. the waste paper, are in terms of the burdens associated with energy 
consumption, packaging and waste outputs of the collection, sorting and distribution stages.
Such a methodology for the ‘allocation of burdens’ for waste paper in recycled paper production 
is commonly used in LCA. Application of this upstream system boundary enabled comparative 
energy analyses to be made with the ‘office paper’ production scenarios published in the Paper 
Task Force Study (Paper Task Force, White Paper No. 3, 1995).
Using this system boundary, one thread of the improvement assessment strategy quantifies the 
renewable energy potential, and thus the reduction in fossil fuel needed in the cycle by 
harnessing energy from waste paper collected in the cycle that is not suitable for re-processing 
into LPfL paper. It is shown that in theory, based on current data for quantities of waste paper 
grades available from commercial premises in London and the Southeast (as shown in Section 
4), if all the improvement strategies suggested were adopted, fossil fuel energy demand and 
global warming potential could be reduced by over one third for the whole LPfL cycle. A  
number of transportation reductions are also evaluated and those suggested have the potential to 
reduce calculable ozone depletion and photochemical smog impacts by around 10% for the 
whole cycle.
In Section 11.4., the LPfL cycle is viewed in a different way. Here the cycle is also considered
in terms of the ‘positive impacts’ or rather the ‘avoided burdens’ the LPfL cycle achieves due to
it stopping waste paper going to landfill. This study is referred to as the LPfL avoided burdens
‘Base-Case’. In effect the analysis in section 11.4. has simply extended the ‘system boundary’ of
the L C A  to credit the LPfL cycle with the calculable avoided impacts of the waste paper used in
the cycle not taking the commonest route it actually currently takes in the UK; namely to final
disposal in landfill. This system boundary extension breaks with the convention used in the
Paper Task Force Study, thus no comparisons with this, or any other known study are possible.
However, this system boundary extension, as explained in Section 9, is a legitimate life cycle
assessment practice. Viewing the LPfL cycle this way also fits exactly with the bioregional
aims, as described in Section 3, which are to produce a local product from locally available
materials and to reduce a current waste problem. When viewed this way, the avoided burdens
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‘Base-Case’ Impact Profile shows marked changes, primarily for energy consumption and 
global warming potential. This is because transportation of waste to landfill and landfill 
management over a site’s lifetime are energy intensive operations; also, since waste paper is an 
organic waste, its disposal in landfill results in emissions of methane gas, a damaging global 
warming gas.
In Section 11.4, after comparing the Impact Assessment results for the LPfL ‘Base-Case’ and 
the avoided burdens ‘Base Case’, the same Improvement Assessment strategies suggested in 
Section 11.3 are applied. Since the avoided burdens ‘Base-Case’ starts off with lower recorded 
impacts for the cycle than those recorded in Section 11.3, the same improvement strategies now 
produce greater percentage improvements. The results in section 11.4 show the magnitude of the 
bioregional benefit of the cycle when fully credited as a ‘local product producer’ and a ‘local 
waste reducer’. Now, the suggested improvement strategies offer the potential for the cycle to 
generate sufficient on-site energy and save enough fossil fuel use from avoided landfill 
operations to effectively enable the cycle be viewed as a zero energy system. With respect to the 
cycle’s Global Warming Potential Impact; evaluated this way, the cycle has the potential to save 
three times as much of an impact than the one it actually produces in its 
collection/production/supply cycle. This hugely beneficial result occurs because waste paper is 
primarily an organic product and therefore, when consigned to a landfill scenario it will result in 
damaging methane emissions which have a G W P  that is 21 times greater than emissions of 
C02, considered over a time horizon of 100 years (CML, 2001).
It is also important to point out that as well as the quantified improvement assessment results, 
the research highlights a considerable number of additional environmental and social benefits 
arising from the LPfL cycle per se, and from the specific improvement strategies that are 
suggested. These additional benefits are discussed throughout the research work and include 
forest ecosystem sustainability, reductions in inner-city transport congestion and job creation in 
the recycling sector.
It is explained in Section 12 that each improvement strategy produced as a result of the LPfL 
L C A  has been developed with a view to steering the LPfL project towards increased economic 
and environmental viability and to demonstrate how such a scheme could help London take a 
pragmatic lead in developing the following concepts:
xxxil
- Reducing London’s Ecological Footprint concerning its high demand for printing and 
writing paper.
- Reducing London’s Ecological Footprint concerning its current high demand for landfill 
space.
- Developing a model example for other cities to follow of the newly emerging ‘Eco- 
Industrial Parle’ concept to deal with a variety of high-grade recyclable materials that come 
specifically from London’s offices.
- Demonstrating that the concept of ‘Design for the Environment’ can be applied not just to 
eco-ffiendly kettles or washing machines, but can be applied at a ‘Sustainable City’ scale to 
convert ‘waste flows’ out of a city into ‘raw material supplies’ for its very own benefit.
It is becoming increasingly relevant that from a sustainable development perspective, at the 
local and global level, there is a clear demand to develop initiatives such as the Local Paper for 
London cycle. The Local Paper for London project is of significant importance since it provides 
an example of a practical and veiy achievable market-led ‘sustainability’ project that actively 
engages consumers, stimulates and stabilises markets for recycled goods, reduces virgin material 
demands and accounts locally for the reduction of the burden of landfill disposal of organic 
waste materials. The LPfL L C A  has focussed on an original project that is currently in 
operation, albeit at an early stage of development. The findings drawn from this research present 
a potential ‘blue-print’ for best practice in dealing with commercial waste office papers in the 
most economical, environmental and socially beneficial way possible. Whilst focussing on 
London and the Southeast, the concepts suggested herein could be replicated anywhere at a city 
or regional level. The overriding prerequisite is that the city or region must be able to supply 
suitable waste paper of a quantity to make a recycled de-inked pulp (DIP) and papermalcing 
plant commercially viable. The material flow and L C A  methodology used in this research can 
also be applied to consider closed-loop recycling systems for other materials.
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PART ONE
I N T R O D U C T I O N
Part One is divided into three sections:
® Section 1: provides a definition of Bioregionalism and an introduction to the Sponsoring 
Organisation: Bioregional Development Group.
9 Section 2: introduces and discusses the paper grades associated with this report.
9 Section 3: provides an outline introduction of the history and development of the 
‘Bioregional Fibres’ and Local Paper’ Projects.
Definition of bioregionalism; bioregional thinking applied to the wider 
sustainable development agenda, and introduction to the sponsoring 
organisation: BioRegional Development Group
S E C T IO N  O N E
1
1.1. Bioregional Development -  A Brief Outline
The concept of bioregional development is one that seeks to make use of a region’s land and 
resource characteristics in order to develop systems of local production for local needs. This is 
achieved through sustainable land use and the regeneration of local industry by introducing 
clean, viable and appropriate-scale technologies. The sustainability drivers of this form of 
development include:
♦ Stability for regional economies
♦ Generation of diverse local employment opportunities
♦ Practical utilisation of a region’s resources
♦ Decreased transportation demands and impacts
♦ Production of goods in a more sustainable manner
♦ Reduced pressure on the environment
♦ Increased accountability within the local community
1.2. Origins of Bioregionalism
The concept of bioregionalism is foimded on ‘a sense of human understanding of the land’ and 
the desire to develop a sense of community within a given region that is aware of resource and 
population limits and the constraints imposed by ecological carrying capacity. This form of 
‘land ethic’, first expressed by Sale (1985) and drawing on the approach to land ethics first 
articulated by Leopold (1949), is aimed at challenging communities and societies to relate to the 
specifics of their own place or region. In adopting a bioregional approach to living, it is 
important to appreciate that each ‘region’ is clearly distinguished by the geology, climate, 
vegetation, water, physical features and living creatures which have shaped its landscape, 
culture and history. The bioregional ethic respects the habitats of other species and recognises 
the need for wilderness areas where humans do not intrade. The region’s economic and social 
viability is dependent on matching an optimum population to their resource carrying capacity.
Bioregionalism fits clearly with the ‘ecocentric’ worldview held by proponents of ‘deep 
ecology’ principles, as outlined by O ’Riordan, (1981). Ecocentrism defines humankind clearly 
living as a part of nature, rather than above, or beyond it. Such a viewpoint, in view of man’s 
cognisance, invests a moral obligation on man to respect nature and live close to it in harmony.
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1.3. The application of bioregional-thinking in contemporary environmental development.
Bioregionalism is a body of thought and related practice that has evolved in response to the 
challenge of reconnecting socially-just human cultures in a sustainable manner to the region- 
scale ecosystems in which they are irrevocably embedded (Aberley, 1999). Over twenty-five 
years the bioregional movement has evolved and diverged such that its principles have been 
employed by local cultural groups seeking to rediscover their roots of existence; to regional 
policy-makers keen to develop a greater sense of local social responsibility in contemporary 
western lifestyle.
Many of the initiatives that have grown up around the world under the bioregional banner still 
have their roots set firmly within a ‘deep ecology’ framework. These true pioneers of early 
bioregional culture have developed their principles in commune-based counterculture societies, 
set mainly in rural ‘new-age’ communities. In such a setting, bioregionalism often embraces 
more than just place-based economic, physical and political relationships; imaginative 
communities have emerged that view bioregionalism in terms of physical sustainability as well 
as in terms of the spiritual and artistic expression of place.
Over the past decade, spurred on by the Earth Summit on Sustainable Development, held in Rio 
de Janeiro, Brazil in 1992 (United Nations, 1992), a number of new concepts have evolved that 
overlap with bioregional-thinking and which have bought some of its ideologies further into 
mainstream thought.
Eco-footprinting (Wackernagel and Rees, 1996) views human impact in terms of its needs in 
respect of land, water and other resources, as well as waste outputs to the environment. 
Ecofootprinting serves as a great metaphor for the impact of lifestyle on our natural 
environment. The ‘result’ of an ecofootprint assigns a rough measure of the ecological space 
that is required by an individual, region, organisation or nation-state etc, taking into account 
existing resource demand. Ecofootprinting has demonstrated that the world’s current ecological 
footprint is over twice that available, i.e., based on current patterns of global consumption, we 
are living beyond defined limits and the resources of two worlds are needed in order to sustain 
current lifestyles of the entire population of the planet. Perhaps a more shocking result is that if 
all peoples adopted a western lifestyle we would need five worlds to support us (Chambers et. 
al., 2000).
Naturally, proponents of bioregional principles have highlighted that fact that bioregionalism 
and its in-built tenet of ‘local production for local needs’ acts as a guiding principle that can 
significantly help focus human activity and resource demand on shrinking our individual eco- 
footprints to sustainable levels.
Bioregionalists are quick to point out that living within a sustainable eco-footprint is what they 
are all about and that such a concept does not mean that society must be deprived of a healthy 
lifestyle. Kerala, one of the poorest states in India is often cited as a good example; infant 
mortality is lower than in many European countries; life expectancy is 72 years (higher than that 
of black people in the US); 95% of Keralans over the age of seven can read and write; it has a 
higher proportion of its population with postgraduate degrees than the US. Importantly, 
population is stable or falling and they show that one can live a satisfactoiy lifestyle with an 
eco-footprint within the carrying capacity of the world - i. e. sustainable. A  great proportion of 
Kerala’s resource demand is met locally (i.e. from their own bioregion) and their calculated eco- 
footprint is just less than the declared global carrying capacity figure of 1.5 hectares per person. 
In contrast, the per-capita ecofootprint of the U.S. stands at just less than 10 hectares per person 
(Bruges, 2000).
Another fairly recent environmental discipline - industrial ecology - also has strong synergies 
with bioregional thinking. In 1989, Frosch and Gallopoulos first suggested the need for "an 
industrial ecosystem" in which "the use of energies and materials is optimised, wastes and 
pollution are minimised, and there is an economically viable role for eveiy product of a 
manufacturing process" (Frosch &  Gallopoulos, 1989). The authors argued that if we are to 
avert wallowing in our own waste, the current open industrial system, which tends so often to 
merely take in virgin material and discard waste, must be superseded by a closed-loop system 
which retains the value of materials through continuing use. Industrial Ecology has since grown 
as a respected research field and since the late 1990s it has developed international recognition 
through the creation of the Journal of Industrial Ecology - now a widely respected, scholarly, 
peer-reviewed journal.
Industrial ecology provides a powerful prism through which to examine the impact of industry 
and technology and associated changes in society and the economy on the biophysical
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environment. It examines local, regional and global uses and flows of materials and energy in 
products, processes, industrial sectors and economies and focuses on the potential role of 
industry in reducing environmental burdens throughout the product life cycle (Erkman, 1997).
Industrial ecology asks us to understand how the industrial system works, how it is regulated, 
and its interaction with the biosphere; then, on the basis of what we know about ecosystems, to 
determine how it could be restructured to make it compatible with the way natural ecosystems 
function (Erkman, 1997). The field encompasses a variety of related areas of research and 
practice, including:
® material and energy flow studies ("industrial metabolism")
• dematerialization and decarbonization
• local resource use
9 transport logistics and planning
9 technological change and the environment
0 life-cycle planning, design and assessment
° design for the environment ("eco-design")
9 extended producer responsibility ("product stewardship")
9 eco-industrial parks ("industrial symbiosis")
9 product-oriented environmental policy
9 eco-efficiency
Industrial Ecology in many ways provides a close-fit with many of the resource and production- 
based aspects of bioregional-thinking. This synergy has meant that bioregionalism, created 
under the purist's vision of deep-ecologically based utopia, has cross-fertilised and found a 
wider audience in the discussion and development of ideas in the field of industrial ecology.
The same can be said for another newly emerging field, namely environmental design in the 
built environment and the concept of ‘sustainable city’- approaches to m o dem urban-living.
Proponents of sustainable urban development talk of ‘self-reliant’ cities where attempts are 
made to limit the negative external impacts of a city beyond its own bioregion, seeking to: 
reduce overall resource consumption; use local resources where possible; develop renewable 
resource-based consumption habits, always in a sustainable fashion; minimise waste streams; 
and deal with pollution in-situ rather than ‘exporting’ it to other regions (Morris, 1990).
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W e  thus see that bioregional thinking has filtered into the wider contemporary sustainable 
development paradigm and has, to a certain extent - in the view perhaps of its ‘deep-ecology’ 
originators - been ‘hijacked’ by a number of new(er) ideologies. It is within this framework of 
fresh ideas, post-Rio 1992, that the BioRegional Development Group (BDG) and indeed the 
Local Paper for London project has emerged.
1.4. Introduction to the Eng.D. Sponsoring Organisation, BioRegional Development 
Group
BioRegional Development Group (BDG), a registered environmental charity since 1994, is 
based in Carshalton, Surrey. It has been developing a specific approach to the issue of 
sustainable development that focuses on the UK, but could be applied in any region of the 
world. The key concept that drives the BioRegional Development Group’s approach is that any 
project they seek to develop must fit within the pre-existing market place of the twenty-first 
century. In short, the group’s point, as described by its ‘mission statement’ - bringing local 
sustainability to the mainstream, is that there is little to gain in promoting an environmentally 
virtuous method of production or contemporary living if it fails ultimately to flourish within the 
economic framework in which we currently live.
B D G  have taken on board key principles first laid down in the Agenda 21 document of the Earth 
Summit on Sustainable Development, held in Rio de Janeiro, Brazil in 1992 (United Nations, 
1992). The aim of Agenda 21 - the programme of action for sustainable development - is to 
provide a collaborative framework in which governments, business and N G O s  can work 
together in partnership. Chapter 4 of Agenda 21 encourages developed nations to change their 
patterns of consumption by promoting green (informed) consumerism. Chapter 7 encourages 
developed nations to consider where possible the use of local materials. Chapter 14 promotes the 
issue of sustainable agriculture and the improvement of farming practice through diversification 
of crops.
B D G  are one of a new breed of environmental charities who recognise that a primary issue in 
promoting the concept of sustainable development is to identify and encourage consensus 
between environmentalists and business managers. N e w  themes in business such as
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Environmental Management and Corporate Social Responsibility now have increasing 
importance at boardroom level and amongst shareholders, and key environmentally-aware 
business figures are beginning to influence corporate practice in significant ways. To coincide 
with this development, environmental organisations such as B D G  are realising that a pragmatic 
way forward is to move from a straightforward campaigning approach to becoming directly and 
professionally involved in solution implementation. To achieve this new direction, groups such 
as B D G  recognise that it is essential to build partnerships with mainstream industry in order to 
incrementally develop the sustainability agenda.
The approach promoted by B D G  falls a long way short of the deep-ecology ideals pioneered by 
the original bioregionalists. The following section highlights a number of B D G  projects and 
strict proponents of bioregionalsim would argue strongly that developing local charcoal, food, or 
lavender initiatives, using local resources and creating local jobs, are positive ideas. However, 
they would balk at the fact that in the B D G  ‘local to mainstream’ model, the product is then sold 
not via locally-owned outlets, but is sold to ‘the mainstream’ via major national or multinational 
retailers. They would argue that this last step - this bringing of ‘local’ into the mainstream - 
fundamentally fails the bioregional ideal since the final economic value (the profit) from the 
initiative is lost to the local economy, and is given instead directly to shareholders profiting 
from the mainstream economy. Proponents of bioregionalism stress the importance of stabilising 
local economies and a vital mechanism for this is that money be circulated as much as possible 
before it leaves the local economy, thus stimulating economic activity in numerous local 
businesses (Douthwaite, 1998, ICorten, 1999, Robertson, 1998, de Selincourt, 1997). B D G  
defend this position by arguing that all efforts to bring ‘local sustainability to the mainstream’ 
are valid. However, a strong counter-argument is that for an environmental charity to be 
involved in ‘sourcing’ local products to the corporate mainstream is actually counter-productive 
to the growing and much publicised achievements of truly local community/retail mechanisms. 
Such mechanisms include community banks, retail co-operatives, food box delivery schemes, 
local energy generation projects, and local organic and farmers markets. Both charitable and 
entrepreneurial organisations involved in such activities are actually striving to change the 
mainstream by reclaiming local sales and staunching the rise and rise of the mainstream we now 
have.
Whether it is better ultimately to move the current mainstream to adopt more local ways, or to 
work to replace the mainstream with a new model is beyond the scope of this study and would
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have to be addressed by a different research programme. What is clear is that bioregional 
approaches are beginning to be employed across a broad range of co-related environmental 
disciplines and initiatives. It is within this fertile arena that both B D G  and the Local Paper for 
London project evolved. The research in this paper shows that Local Paper for London is an idea 
with its roots set in bioregional thought; that it adopts industrial ecology principles for material 
use, and is a concept that fits firmly under the banner of ‘self-reliant’ or ‘sustainable city’ 
theory.
1.5. Overview of Current BioRegional Development Group Projects
BioRegional Development Group’s Local Charcoal and Urban Forestry Project
A  prominent B D G  project that illustrates the local partnership approach has been the 
development of a network of suppliers of local woodland products, which includes barbecue 
charcoal, firewood and leisure products. Through a system of centralised marketing and sales 
co-ordination, major national retail chains such as B & Q  and BP Garages are supplied for the 
first time with locally sourced and certified sustainable woodland products. Upward of 150 
long-term rural jobs have been created in around 50 independent businesses. As a result, 
imported products with large transport impacts, and in many cases, socially and environmentally 
unacceptable production practices, have been successMly displaced (Hart, 1997). There are 
clear social, corporate and environmental aspects to the success of this project, which include:
• Creation of local rural employment in the UIC
9 Displacement of imported forest products, which in many countries result in excessive 
ecological stress to already dwindling natural forests
• Lessened environmental burdens from reductions in transportation impacts 
9 Sustainable management and regeneration of U K  broad-leaved woodlands.
• Promotion of ‘informed’ green consumerism
• Utilisation of local resources for local needs
• Production of local and sustainable products to enable those U K  retail groups to promote a 
certain commitment to environmental performance.
Following six years of trading, BioRegional Charcoal supplies around 1% of the total U K  
barbecue charcoal market. More significantly perhaps, since retailing a sustainable UK-sourced 
charcoal product, and since receiving widespread advertising support from B&Q, BioRegional 
have witnessed a number of established charcoal importing companies in the U K  moving to
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supply U K  woodland charcoal. From a commercial perspective, the charcoal initiative has 
served to demonstrate to BioRegional that major retailers are prepared to modify their 
purchasing systems, which are primarily based on centralised bulk purchasing arrangements, 
and fit in with a reliable regional small-scale supply system. Based on this project, retailers are 
prepared to investigate opportunities for similar supply structures for other products such as 
foods and garden furniture products.
Zero Energy Development: The ‘Beddington Zero Energy Development’ (BedZED) is a 
project to reclaim a 50-acre urban brownfield site and create a model for urban sustainable life. 
The site was completed in 2001 and all 80 properties have been sold, or occupied under social 
housing let, or part let/part buy arrangements. The housing project was developed by Bill 
Dunster Architects, while the innovative building seivice design was undertaken by Ove Arup 
Consulting Engineers. The combination of architectural and building service innovation has 
created a housing development with an energy requirement reduced by 90% on the energy 
needed by a standard development of similar size. The energy actually required by the site - 
both electrical and heating - is supplied by an on-site C H P  plant that runs on urban tree waste 
derived bioregionally from Local Authority tree pruning operations. Other innovative aspects of 
the whole project include the use of locally reclaimed building materials wherever possible, a 
car-share pool and a dedicated organic food box delivery scheme. Finance for the project was 
provided by The Peabody Trust Housing Association, London’s oldest housing association.
BioRegional Local Paper Project: This project, introduced in depth in Section 3, has received 
positive support from the U K  paper industry, the Department of Trade and Industry (DTI) and a 
number of funding organisations.
Local Lavender Project: A  project seeking to revive south London’s historic lavender industry 
by planting on disused allotments. The lavender produced by the project is sold to a major 
international fragrance house.
BioRegional Textiles: The BioRegional Development Group has worked in the past with 
industry and farmers to establish textile production from traditional U K  fibre crops such as flax 
and hemp. In 1999, hemp fabric was produced on a small-scale trial basis. U K  fashion designer 
Katherine Hamnett used the fabric produced to tailor a jacket in order to demonstrate the veiy 
real potential for U K  hemp.
BioRegional Food Networks: In 1999 a short feasibility study was undertaken to investigate 
the development of a scheme for local distribution of food to major national supermarkets.
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SECTION TWO 
Discussion of Paper Grades Associated with this Portfolio
2. Paper Grades Associated with this Portfolio
2.1. Introduction
Before introducing the ‘Local Paper for London’ project and the associated L C A  research work, 
the general definitions and characteristics of the paper grade to which the research relates are 
now introduced.
The Local Paper for London project concentrates specifically on ‘closing the loop’1 on 
‘uncoated woodfree printing and writing paper’. This paper grade fits into the broad paper 
categoiy commonly termed ‘printings and writings papers’.
This report shall use the following abbreviated terms:
‘Printings and writings papers’ (P+Wpapers) when describing the broad paper grade, 
and
‘uncoated woodfree printing and writing papers (uwf P + W  papers) when describing the 
specific grade that is analysed in the Local Paper for London LCA.
2.2. Overview of the Paper Hierarchy
It is possible to describe paper products in terms of a hierarchy of finished goods. Classification 
in this manner is veiy generalised since product qualities vary considerably within grades. For 
example, high quality packaging paper may in reality be far superior in terms of actual technical 
characteristics and refinement compared to low grade copier paper. However, a hierarchy does 
exist based on end-use or product description and within this hierarchy, two primary 
classifications are immediately apparent, namely paper products and paperboard products. These 
two categories account for 55% and 45% respectively of total global consumption (PPI, 1995).
1 B y  d e f in it io n , ‘c lo s e d - lo o p ’ in  th is  in s ta n ce  im p l ie s  that w a s te  p ro d u c ts  f ro m  c o n su m p t io n  are  tu rn e d  b a c k  t h ro u g h  
the s y s te m  c y c le  s u c h  that the  w a s te  m a te r ia l b e c o m e s  the r a w  m a te r ia l s u p p ly  fo r  the  rem a n u fa c tu re  o f  the  sa m e  
p ro d u c t  type. It  w i l l  b e  d e m o n stra te d  in  the im p ro v e m e n t  stra teg ie s  s u g g e s te d  in  the L P f L  L C A  that th is  ‘c lo s e d  
lo o p ’ p h i lo s o p h y  c a n  b e  d e v e lo p e d  to c o n s id e r  fu rth e r  is s u e s  a s so c ia te d  w ith  the c y c le ,  s u c h  a s  e n e rg y  ge n e ra t io n  
a n d  c o -p ro d u c t  p ro d u c t io n .  It  is  d e m o n stra te d  that it  is  p h y s ic a l l y  a n d  e c o n o m ic a l ly  im p o s s ib le  to f u l l y  c lo s e  the 
lo o p  o n  the cyc le .  H o w e v e r ,  the a im  o f  th is  w o r k  is  to d e m o n stra te  that a  s y s te m  s u c h  a s  L o c a l  P a p e r  fo r  L o n d o n  
h a s  the p o te n t ia l to c lo se  ‘a s  t ig h t ly  a s  p o s s ib le ’ the ra w  m a te r ia l s u p p ly  lo o p  fo r  u w f  P + W  p a p e r  p ro d u c t io n  a ro u n d  
a n  u rb a n  c o n su m p t io n  area.
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The two main product categories are sub-divided into a combination of end-use classification 
and product technical classifications to give a broadly recognised hierarchy as shown in Table
2.1.
Table 2.1: The Paper Product Hierarchy: Main Grade Classifications
Grade Classification Per cent (%) of
global consumption
Communication Paper Grades 41
Printing and Writing 28
Newsprint 13
Household and Sanitary (Tissue) 6
Paperboard and Packaging 46
Packaging paper and board 24
Containerboard 14
Board 8
Other paper and paperboard 7
Total 100
Source: (PPI. 1995)
2.3. R a w  Materials used in Pulp Manufacture
Most paper is described in terms of the type of pulp used. The term 'mechanical' for example, 
refers to paper made from woodpulp which has been ground mechanically to release the fibres, 
whilst'woodfree\ (a term meaning 'free from mechanical wood pulp') refers to papers made 
from pulp broken down by chemicals. The chemical process produces only about half the 
original weight of wood in useful fibre, which is a considerably lower yield than for mechanical 
pulp, but the resultant paper is superior in strength, brightness, fastness to light and long-term 
durability. From a production process perspective, a major distinction between the two pulp 
types is that chemical pulping plants can export energy, whereas mechanical pulping plants are 
net energy importers. Both types of pulp are commonly bleached to remove impurities and give 
the required brightness.
Pulps for the manufacture of printing and writing grades can come from a variety of fibres such 
as wood, cotton, hemp and recovered paper, although wood is the main source. Hardwood pulps 
(from eucalyptus, birch, acacia, oak, aspen and tropical timbers, for example) are used mainly to
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obtain smoothness and fibre bulk due to their short fibre characteristics and the required optical 
properties such as opacity. The long fibres derived from softwood pulps (from cone bearing 
trees, i.e. pine, spruce, fir, western hemlock) are used to provide strength. The type of pulp used 
is dictated by the type of paper product produced (PFGB, 2001). When dealing specifically with 
uncoated woodfree printing and writing paper in the UK, it is estimated that circa 75% of the 
pulp used to manufacture virgin paper is derived from hardwood pulp. (NLK Associates 2001).
2.4. Overview of The Printings and Writings Sector
Printing and Writing papers are broadly used for commimication purposes. The term printing 
and writing paper is often used in the same context as graphics paper. Some statistical data sets 
also group newsprint within the graphics paper grade. It is important to note that in this report, 
newsprint is excluded when discussing graphics /printing and writing papers. On a tonnage 
basis, the P + W  sector is the largest sector in the U K  accounting for 37% of all paper and board 
consumed in the U K  in 2000 (PFGB, 2001). Figure 4.1. in Section 4.2. provides a full 
breakdown of grades used in the U K  and the relevant consumption figures.
Printing and Writing papers cover a wide range of types in terms of their application, texture, 
weight, and colour. Technical specifications with respect to issues such as fibre strength and 
paper brightness are also of great importance and vary across the whole grade.
2.5. Paper Types Found Within the Printing and Writings Sector
The printing and writing sector can be sub-divided into four distinct types which are described 
by the pulp production process and whether or not the paper is coated. The four types and their 
common uses within the broad P + W  grade definition are:
• uncoated woodfree -  office papers, copier and computer papers etc
papers made by chemical pulping techniques such that only the cellulosic fibre material 
remains in the pulp. Only a minimum quantity of wood chemicals such as lignin remain 
in the pulp; this fact helps to improve paper brightness and its shelf-life, both of which
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are important factors for this grade where the primary application is for office papers and 
high quality uncoated stationaiy papers. All uncoated woodfree papers also contain 
fillers which are used to improve smoothness, opacity, brightness and dimensional 
stability of paper. The primary filler used is calcium carbonate.
° coated woodfree -  glossy magazines, illustrated books etc
The pulping process for this grade is the same as in the production of uncoated 
woodfree. When the final paper product is produced, additional coating materials such 
as filler clays or latex surface layers are added to improve features such as printing 
characteristics, strength, brightness, stiffness and surface appearance.
0 uncoated mechanical -  carbonless papers, directories etc
made from mechanical pulp, where the pulp is produced from a mechanical 
grinding/abrasion process and the application of heat (without the addition of chemical 
pulping agents) so that the glass transition temperature of lignin (120-140°C) is exceeded 
and the lignin can be softened and parted from the cellulose fibre without too much 
damage. In mechanical papers, a fair proportion of lignin still remains in the pulp even 
after bleaching and it is this that causes these grades to yellow on exposure to sunlight.
0 coated mechanical -  large circulation magazines, one sided posters and labels etc
made by a similar process to coated woodfree but here uncoated mechanical is utilised as 
a base paper; it tends to be produced in a somewhat lower range of basis weights and 
may be of slightly lower surface brightness, although the highest quality modern coated 
mechanical grades are now very difficult to differentiate in quality from coated woodfree 
papers.
Uncoated woodfree printing and writing paper is therefore a categoiy of paper grade within the 
broader printing and writing paper grade.
In reporting on uncoated woodfree printing and writing paper (uwf P + W  paper), this report 
specifically focuses on paper consumed in the Local Paper for London cycle. In doing so it is 
also important to bear in mind that the focus of the LPfL cycle is on the use of uwf P + W  paper 
in the commercial (office) sector.
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2.6. Reasons for Selecting Uncoated Woodfree Printing and Writing Paper as the Local 
Paper Grade
There are a number of reasons why this grade was selected as the paper product to first address 
in the ‘Local Paper’ project. The reasons cover a number of socio/environmental issues. These 
are introduced in Table 2.2. before being explained in further detail in the relevant sections, as 
indicated in the table.
Table 2.2 Overview of main drivers for selecting uwf P + W  as the paper grade to produce 
in the Local Paper cycle
Socio/environmental
Issue
Socio/environmental benefit
Fibre Type + Forestry 
Impacts
Much of the pulp fibre used in this grade for virgin manufacture is derived from 
hardwood timber. Logging of hardwood timber and the types of forestry systems 
used, in many respects, exert greater ecological impacts compared to softwood 
forestry, particularly with respect to biodiversity issues. Softwood is certainly also 
used in the manufacture of this grade, but it is clear that hardwood is the main 
virgin fibre used for uwf P+W papers. See Section 6.
Alleviating Virgin Fibre 
Use
Woodfree de-inked pulp is a very suitable replacement for hardwood chemical pulp. 
Therefore, the use of this recycled pulp to re-make uwf P+W papers displaces the 
use of virgin hardwood pulp.
A part of the Local Paper project also involves investigation of the use of non-wood 
virgin fibres such as straw, hemp and flax to offset virgin fibre timber demands. See 
Section 3.
Transportation Owing to the location of the prime sources of virgin pulp types required for this 
grade, high transportation distances are required to bring the pulp or finished paper 
to the UK. See Sections 7 and 10.
Current ‘recycling rate’ 
and potential 
improvement
Despite the fact that this grade is a highly refined product, which as a waste material 
is highly recyclable with good physical properties and a good market price, a 
relatively low proportion is currently recycled when compared to other paper grades 
in the UK. See Section 4. 3
Whilst current recycling is highest where the resource is concentrated, i.e. in offices 
and cities such as London, it is estimated that there is a considerable quantity that 
can still be realistically recycled from London’s commercial premises.
See Section 4.3.6.
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Table 2.2. (contd.)
Socio/environmental
Issue
Socio/environinental benefit
Best Practicable 
Environmental Option 
(BPEO)
In the late 1990’s, conflicting opinion in environmental research existed between 
those that felt the BPEO for waste paper was to incinerate it for its energy value and 
those that argued for increased recycling of waste paper for its material value. 
Arguments in favour of incineration for energy focussed on the high fossil fuel 
inputs required to produce recycled paper, the resulting sludge produced and high 
transportation impacts involved in recycled paper collection. Arguments in favour 
of increased recycling focussed in the main on the fact that opting for incineration 
to recover the energy value of waste paper would result in higher demands for 
virgin timber. Whilst the forestry and timber pulp industries argue that increased 
virgin demand could be sustained, the key argument against this was that the 
demand would have to be met by increased development of monoculture plantations 
which have a negative effect on biodiversity protection and soil/water conservation 
See Section 7.
17
SECTION THREE 
Initial Development of the ‘Bioregional Fibres’ and ‘Local Paper’ Projects
3. Initial Development of the ‘Bioregional Fibres’ and ‘Local Paper’ Projects
3.1. Introduction
The Local Paper for London project’s history is rooted in the BioRegional Development 
Group’s initial research in 1994 into the availability of UK-based fibre resources and into the 
potential to develop ‘bioregional’ industries that could make use of this fibrous raw material. 
This section explains how that research has evolved and changed direction over time such that 
the main focus of research and project development over the last two years has been the 100% 
recycled Local Paper for London project.
3.2. Bioregional Fibres Project.
In 1994, the BioRegional Development Group (BDG) first started to outline the broad concept 
of a ‘Local Paper’ cycle in the ‘BioRegional Fibres’ research project. (Riddlestone and Desai, 
1994).
This work looked specifically at arable crop diversification and utilisation in the U K  in order to 
develop a range of products, which included textiles, paper and particleboard. BioRegional 
demonstrated that the potential availability of non-wood fibres in the form of fibre crops 
(specifically Hemp and Flax) and as waste virgin fibre (straw from cereal growing) was of 
sufficient quantity in the U K  to promote the development of fibre-based industries. Most 
specifically, with respect to the group’s planned London/South-east based fibre project, the 
research showed that the fibre quantities potentially available in this region were sufficient to 
meet the virgin fibre demand to develop a locally-based sustainable paper cycle1 for uncoated 
woodfree printing and writing paper, made from a mix of virgin fibre and post-consumer waste 
paper pulp. Also, if specific fibre crops were developed enabling agricultural diversification into 
non-food products, not only would fibre be available for paper, it would also be feasible to 
develop co-product streams for textile and fibreboard production etc.
'The term ‘sustainable paper cycle’ refers in this instance to the fact that from a bioregional perspective, use is being made of 
local resources in the form of virgin and waste paper materials such that the bioregional demand for the end product is met in a 
locally sustainable maimer. Further discussion on fibre flow issues in a bioregional sustainable paper cycle is given in Section 5
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The overriding aim of the Fibres Project, from a ‘bioregional’ perspective, was to develop home 
produced systems of non-wood fibre raw material supply that would contribute to the following:
9 alleviate U K  import demands for virgin fibre materials which, on a global scale, are known 
to result in significant environmental pressures. If non-wood fibre based production and 
manufacturing industries could be established in the UK, with strong markets ultimately 
developed for their goods, then this would go some way to reduce the U K ’s impact on: 
the demand for cotton based textiles - Increasing demand for cotton on a global scale 
is exerting high environmental impacts, primarily from high water demand and 
pesticide/herbicide use (Pimentel, 1997). Hemp and linen textiles are capable of 
replacing cotton for garment and soft-furnishing manufacture and a growing interest in 
the UIC in the use of such products is in fact being experienced (Fletcher, 2001). 
the demand for wood pulp and wood pulp based paper products - Non-wood fibres 
have excellent papermaking characteristics; in fact the origins of papermaking are 
rooted in the use of non-wood fibres in China (Riddlestone, et. al. 1997). Their use in 
papermaking globally now only accounts for circa 7 %  of production (IIED, 1996). This 
is due primarily to the growth in the scale of production plants in the pulp/papermaking 
industiy, particularly over the past 5 decades. Timber is a dense and concentrated forest 
resource and conventional wood pulp/paper mills adjacent to the forest are now built to 
a production output scale of up to 1, 000,000 tonnes per annum. Due primarily to the 
bulk of the raw material (affecting transportation and storage logistics/economics), non­
wood fibre mills are typically of a scale no larger than 50,000 tonnes per annum 
production output. From an available/potential fibre resource perspective at a global 
scale, non-wood fibres do have the potential to play a strong role in alleviating global 
forestry pressure (IIED, 1996b). However the pulp/papermaking industry has 
concentrated its R & D  effort and its expansion initiatives over the past few decades on 
wood pulp/papermaking and the development of large-scale mills in order to maximise 
profits via economies of scale. As a consequence, with no investment in the 
improvement and development of small-scale mill technologies, non-wood mills have 
declined. This is particularly true in China where non-wood mills (utilising rice straw 
waste residues) have traditionally been prevalent. Up to a decade ago 80% of the papers 
produced in China were derived from home produced non-wood fibres (IIED, 1996b). 
Due to tighter environmental pollution controls and the lack of investment to reduce 
waterborne pollution from the small non-wood mills, virtually all such mills in China
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have been closed and China’s demand for pulp/paper is increasingly being met with 
imports or via the development of its own wood pulping industry. (Riddlestone, 2002a). 
During the past three decades, the global consumption of paper products has increased 
by a factor of three. The growth rate in developing countries has, over the same time- 
span, been double this figure. (IIED, 1996). Timber is of course a renewable resource. 
However, over the course of the last twenty years, major environmental groups such as 
FoE, Greenpeace and the World Wide Fund for Nature have all campaigned against 
unsustainable forestry management practices and the increasing loss of natural old- 
growth forests in order to supply the growing raw material demand for paper 
production. Also, as the global paper industry has sought to alleviate its impact on 
natural forests by the development of monoculture plantations, the same environmental 
groups have aired legitimate causes for concern regarding a wide range of 
environmental issues as a result of plantation expansion, such as loss of biodiversity and 
the long-term effects of such plantations on water availability and soil degradation. 
(WWF, 1995; FOE, 2001).
decrease transportation impacts - local production/sourcing initiatives have clearly 
demonstrated how they can dramatically reduce transportation impacts in the 
production and delivery cycles. Analysis into ‘food miles’ - the distance travelled from 
‘field to fridge’ - has shown how supermarkets for example can significantly reduce 
food mile impacts via local sourcing strategies and the decentralisation of processing 
operations (Sustain, 2000). A  study into the transportation impacts associated with 
imported barbecue charcoal, compared to U K  based production, demonstrated a nine­
fold reduction in transport impacts in the U K  based production and supply scenario 
compared to two of the most common import routes (Hart, 1997). Studies conducted as 
a part of this research programme demonstrate transportation reduction savings for 
uncoated woodfree printing and writing paper production of a very high magnitude 
when comparing the LPfL cycle with conventional supply routes for uwf P + W  paper to 
U K  consumers (see Section 10.4.2.).
stimulate crop diversification in U K  farming - The development of non-food crops and 
viable markets for such products in the U K  could help to strengthen the U K  agricultural 
sector. (Riddlestone, ed. 1998)
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• The creation of UK-based jobs in the agriculture and industrial sectors - As well as
providing a boost to the U K  rural agricultural economy, the processing of non-wood fibres 
could help to stimulate/stabilise the textile and paper sectors, both of which have been in 
steady decline in the U K  for a number of decades. (Riddlestone, ed. 1998)
3.3. Evolution of the Fibres Project into the Bioregional ‘Minimill’ and ‘Local Paper’ 
Projects
Following the BioRegional Fibres research project, in 1996, B D G  continued to investigate the 
potential for local systems of uncoated woodfree printing and writing paper production based 
on a combination of non-wood virgin fibre and post consumer recycled waste paper. This grade 
of paper was chosen as the focus for the research for the following key reasons.
1. Uncoated woodfree printing and writing paper is primarily utilised as white office paper. 
Such paper use is concentrated in commercial premises in cities and BioRegional were 
interested in developing a paper production project based around London and the South-east, 
where consumption of this paper grade is at its highest in the U K  (NLK Associates, 2001); 
see Section 4.3.5., Table 4.8. The per capita consumption of this paper grade is markedly 
higher in the commercial sector where 55.3kg per capita per annum consumption currently 
exists. This compares to U K  domestic consumption of 12.3kg per capita per annum (NLK 
Associates, 2001).
2. Despite the concentrated use of this paper in the commercial sector, coupled with the fact 
that such paper is of high quality with good fibre recycleability characteristics, current 
recycling rates are low compared to other grades.
3. The physical characteristics of non-wood fibres make their use as a virgin paper pulp ideal 
for printing and writing paper production. (Riddlestone, et al. 1997; IIED 1996a)
4. From a ‘bioregional’ perspective it is the South-east of England that has the greatest
potential availability of non-wood fibres. It is in this area that the production of hemp and
flax is being developed due to suitable soil and climatic conditions. Also, circa 4 million
tonnes of cereal straw per annum are potentially available from the East-Anglian region.
Since the introduction of laws banning the disposal of cereal straw residues by combustion
on the field, alternative uses are continually being found for this resource. Whilst use is
made for animal bedding, building materials and as an energy source to name a few, a large
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proportion of cereal straw is ploughed back into the soil. Depending on soil characteristics, 
this can have a positive or indeed negative effect on soil fertility and composition 
(Riddlestone, et. al. 1997). Agronomists estimate that the abovementioned figure of 4 
million tonnes per annum would be better employed for an alternative use rather than being 
returned to the soil (Riddlestone, et. al. 1997).
5. From a bioregional perspective, it was felt that the two available fibre resources (virgin non­
wood fibre and post-consumer waste recycled paper) could be combined within the South­
east region in order to fulfil the objectives detailed in Section 1. Such a project would solve 
two waste problems if straw was being used, or solve one waste problem and help develop a 
new agricultural industiy if fibre crops were used. The use of either fibre resource for paper 
production offers the potential to strengthen the local economy by providing jobs and by 
producing a local product that is in high demand locally.
At this stage, the non-wood fibre pulping and the waste paper recycling studies were still clearly 
linked. Their joint development was considered necessaiy in order to develop a ‘sustainable 
Local Paper cycle’ for uwf P + W  paper production in the UK. Figure 3.1. provides an outline 
of the research project evolution, from initial research into fibre availability to development of 
the non-wood fibre Mini pulp Mill and Local Paper projects.
3.4. Initial Development of a Local Paper Product
The initial proposals BioRegional developed for a ‘Local Paper’ product involved a 
specification of 20% virgin non-wood fibre and 80% post consumer waste recycled fibre. The 
simplistic reasoning behind this input composition was based on the broadly accepted premise 
that waste paper can only be recycled approximately 4-6 times. After this point, the fibres have 
been degraded in strength and physically shortened to such an extent that they are lost as a 
sludge output from the pulping process (Kompa, 1993). Hence, in simple terms, a 20% virgin 
fibre input to the paper product would produce a ‘sustainable paper production cycle’, where the 
system losses associated with recycled manufacture are compensated by the virgin input. The 
basic system flow diagram for the ‘Local Paper’ concept is shown in Figure 3.2.
23
Figure 3.1 The Local Paper Project Evolution
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Fig3.2. Simple Illustration of the Local Paper cycle
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Riddlestone, et. al. (1997), modified by Hart, A.S.
3.5. Development of the Bioregional Minimill Project
In 1996-7, a market study was carried out with support from the Ministry o f Agriculture, Food 
and Fisheries (MAFF) and the Worldwide Fund for Nature, in partnership with farmers and 
agricultural merchants (Riddlestone, & Welsh, 1996). This study identified that locally sourced 
fibrous raw materials in the form of non-wood agricultural fibres (straw as agricultural waste, 
and flax and hemp as fibre crops) as well as recycled post consumer waste uwf P+W paper, 
were available in sufficient quantity to suggest that regionally based ‘Local Paper’ production 
and supply systems justified further consideration. The report also identified a possible novel
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system of small scale pulping technology (the BioRegional MiniMill) that might enable local 
uncoated woodfree printing and writing quality pulp production from non-wood fibre and at the 
same time enable the resultant ‘black liquor’ waste effluent stream to be processed to derive 
renewable energy and recover pulping chemicals.
In effect, at this stage, the conceptual Local Paper cycle incorporated two raw material supply 
streams and two distinctly different pulp production systems:
9 a virgin-based fibre supply from non-wood fibre crops, which would be pulped in the 
proposed ‘MiniMill’ technology 
and
• a recycled waste paper supply stream from the ‘urban forest’, which would be de-inlced and 
pulped at a conventional recycled pulp production mill.
Having considered the two ‘Local Paper’ pulp streams, it was proposed that a UK-based 
speciality printing and writing papermalcer involved in the MiniMill project should combine the 
two pulps to produce the ‘Local Paper’ product as illustrated in Figure 3.2.
3.6. Initial Development of the Local Paper for London Project, 1997 -1999.
Following further project funding support from the London based Bridge House Estates Trust 
Fund, it was planned to produce a quantity of Local Paper in the manner outlined above and to 
promote this to commercial paper consumers in London as a sustainable ‘Local Paper for 
London’ product. To achieve the funding objectives, 3 tonnes of uncoated woodfree printing and 
writing paper were produced in co-operation with the U K  papermalcer Invereslc PLC, who are 
based in Scotland and who were the only papermalcer able at the time to produce a finished 
printing and writing paper made from a mixture of 20% non-wood hemp pulp and 80% recycled 
pulp. This production m n  was not therefore strictly a ‘local product’ to London and the South­
east, but it enabled the group to conduct the planned ‘Local Paper for London’ consumer trials.
A  consumer response study was conducted, whereby 20 commercial organisations in London 
were each sent a number of reams of the ‘Local Paper for London’ non-wood/recycled 
‘letterhead’ quality graphics paper product and asked to use and assess it for copying and 
printing purposes and to then fill out a feedback questionnaire (Riddlestone, et. al. 1997).
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Feedback from this study demonstrated a general acceptance of the product, but showed that a 
fully competitive ‘Local Paper for London’ product would need to address the following issues:
The product price would need to be comparable with other uwf P + W  paper products.
- The paper brightness would need to be similar to existing commercially available uwf P + W  
paper products (without the use of chlorine based bleaching).
- The paper would have to be guaranteed for use in office equipment such as laser printers and 
photocopiers.
The product produced for the trial project in fact met none of these criteria. However, this 
customer-based research was an essential element of the initial project development phase. 
Albeit a small initial trial, this work helped to galvanise thought concerning the enormity of the 
task at hand in attempting to successfully launch a new and novel paper product. BioRegional 
had in fact at this time a confused marketing objective in place. On the one hand they wished to 
develop a product that would reach wide acceptance to meet their own mainstream market 
objectives as described in Section 1. As a result, they were attempting to promote and price the 
Local Paper product as a basic office copier paper. O n  the other hand the 20% hemp/80% 
recycled product that they had produced was veiy much a niche environmental, or perhaps 
heritage product. Such a product could be sold with some success on a small-scale if aimed at 
the prestige, top quality letterhead writing paper grade market for consumers interested in 
advertising their green credentials. U K  hemp-based paper could also be marketed well on a 
small scale based on its alternative lifestyle image. Bioregional were however keen to continue 
to endeavour to prove the Local Paper product might have widespread appeal as a mainstream 
office paper amongst commercial paper consumers. It was felt that this route was necessaiy in 
order to attempt build the confidence amongst U K  papermakers that such a product could be 
economically competitive and easy to launch having proved its widespread acceptance amongst 
the key mainstream market, namely commercial office consumers. At the end of this small- 
scale consumer trial, BioRegional’s activity on the Local Paper project ceased for around six 
months in order for the focus to switch to the MiniMill project.
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3.7. Continuing Development of the Minimill Project
The development of the non-wood fibre mini-mill pulping process has in fact progressed far 
slower than originally anticipated by the Group. Some interest still exists within the UTC Paper 
industry to develop the project, but further R & D  work is still necessary to fully demonstrate the 
technical, economic and environmental feasibility of the project. To-date, since the MiniMill’s 
initial conception in 1996, only limited small-scale trials have been developed for the two key 
elements of the proposed novel MiniMill technology:
© Limited cereal straw pulping trials have been conducted utilising screw press technology at 
the Wolfson Institute at Brunei University.
© The most important aspect of the novel ‘clean technology’ Mini Mill proposal involves the 
recovery of energy and pulping chemicals from the pulping process black liquor via the use 
of an active fluidised bed recovery system. The only practical trials conducted so far into 
this technology have been limited and mostly at bench scale and the results produced have 
been statistically quite inconclusive. At the point at which it was deemed not possible to 
conduct an LCA-type study of the MiniMill as a part of the Author’s research, the clearest 
data the group had to go on regarding the operational viability of the chemical/energy 
recovery operation was based on theoretical modelling that sought to extrapolate a series of 
short duration bench-scale results up to proposed operational capacity - a production scale 
change of circa 1: 1000.
As a result of the limited knowledge available for this technology, after two years attempting to 
kick-start the Eng.D.-based research, it was not possible to develop any meaningful L C A  
research into the MiniMill as it stood at this concept stage. Further commentary on the MiniMill 
project is provided in Hart, 2002b, found in Volume 3 of this study.
The current direction of the MiniMill project has involved the concept’s promotion in China 
where the industry rapidly needs to develop clean pulp production processes such as the 
proposed BioRegional MiniMill technology. If a well-structured R & D  programme were put in 
place in the lead-up to the development of a pilot plant, it would be possible at that stage to
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conduct a meaningful Life Cycle Assessment. The MiniMill project therefore continues to 
develop as a possible clean technology that could ultimately help to realise the undoubted 
potential of non-wood fibres to contribute to global paper sustainability. From a U K  perspective, 
the possibility also exists that at a later stage the MiniMill programme may diversify to assess 
the viability of pulping wood fibre to make use of increasingly available timber stocks, primarily 
from Scotland.
3.8. Initial Development of the 100% Recycled Local Paper for London Project
It was at this stage in the overall BioRegional Fibres research programme that work into the 
viability of pulping non-wood fibres (the BioRegional MiniMill project) and the recycled Local 
Paper production cycle became split into two very separate projects.
The Local Paper for London project changed course to solely promote a ‘closed-loop’ recycling 
scheme based on a locally-produced 100% post-consumer recycled uncoated woodfree printing 
and writing paper. This move came about for two primary reasons. Firstly, in view of the 
economic hardships being experienced by papermakers in the UK, no single company or 
partnership consortium could be encouraged to further develop the novel Mini-Mill technology 
and thus seek to commercialise a completely new non-wood fibre/ recycled content printing and 
writing paper product. Secondly, BioRegional were encouraged by the author to secure a 
workable LCA-based research project and to seek co-operation from an existing 100% recycled 
papennaker, based in the south-east of England, in order to promote its existing ‘evolve’ range 
of 100% post consumer waste recycled uncoated woodfree printing and writing papers as the 
‘Local Paper for London’ endorsed product. This was possible since the manufacturer, M-Real, 
based at Sittingboume, Kent, already made the claim that their recycled raw material is sourced 
from London and the South east of England. There had been a reluctance in the Group to take 
this path for a year prior to this decision since they had wished to focus on the idealised 
‘sustainable paper cycle’ as shown in Fig 3.2, and further explained in Fig. 3.3. It had been felt 
by the Group that in order to clearly maintain the ‘sustainable paper product’ message that they 
were seeking to promote to consumers, the fibres lost as sludge in the recycled production phase 
had to be substituted with ‘local’ virgin fibre in every finished paper sheet.
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The advantages in using an existing 100% recycled paper product that is also well established in 
the marketplace to promote the initial development of the Local Paper for London concept are 
clear. Firstly, it was not necessary to prove a new pulp production technology, find the capital to 
commercialise the project and then launch a new and distinctly novel non-wood fibre based 
‘niche’ paper product into a highly competitive market place in order to promote the ‘Local 
Paper’ concept. Secondly, and contrary to Bioregional’s view, with respect to the development 
of a ‘sustainable paper cycle’ it is of no consequence if each paper sheet does not contain virgin 
material to substitute the recycled paper content lost to the system as sludge. Instead of 
attempting to base a ‘sustainable paper cycle’ within one ‘Local Paper’ product, a system wide 
view needed to be taken of the printing and writings paper sector, such that a sector-wide 
sustainable paper cycle could ultimately be promoted. Initially, 100% recycled uwf P + W  paper 
can be promoted as a worthy LPfL product at a city scale. In the long-term, if the group are able 
to commercialise the non-wood 01* wood fibre Local MiniMill pulp production facility, then the 
requisite virgin material required to develop a local ‘sustainable paper cycle’ can be introduced 
to a suite of Local Paper products that includes; 100% virgin-based top quality ‘letterhead 
papers’; hybrid printing and writing paper products (with a mixed proportion of local virgin 
non-wood/wood and local recycled content) and 100% recycled paper. Fibre sustainability and 
the requisite virgin fibre input could be engineered into the Local Paper suite of products by the 
application of the fibre-flow modelling work introduced in Section 5. Research in Section 5 
shows that the Local Paper production cycle could theoretically become locally sustained so 
long as the virgin material input fully offsets the cycle losses. As explained in Section 5, this is 
not achieved simply by offsetting the percentage of fibre lost as sludge in the recycled pulp 
production phase. Careful consideration also has to be made of fibre losses associated with the 
practical availability and applicability of waste paper for recycling back into the LPflL cycle (the 
recycling recovery rate).
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Figure 3.3. Simplified representation of BioRegional’s idealised objective to achieve fibre
sustainability in each Local Paper sheet.
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3.9. Promoting the 100% Recycled Local Paper for London Product
The most relevant advantages in promoting the existing 100% recycled paper product as the first
‘Local Paper for London’ product are primarily to be seen from a marketing perspective:
• The paper manufacturer, namely M-real, were happy to have their existing ‘evolve’ product
line exclusively promoted by an environmental charity in the London Region. Due to global
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pulp and paper market fluctuations, virgin paper prices are generally fractionally lower than 
the price for the ‘evolve’ recycled product. Also, despite the fact that the ‘evolve’ product 
suite, produced in a state of the art recycled pulp mill, has been proven to function perfectly 
well in office copier and printing machines, a stigma still remains regarding the quality and 
machine ‘rannability’ of recycled papers. BioRegional would be seeking to promote all of 
the perceived benefits of the recycled ‘Local Paper for London’ product including product 
performance and the environmental benefits associated with forest resources, reduced 
transport impacts, the avoidance of landfill impacts etc. From a business marketing 
perspective such an ‘independent’ endorsement, at virtually no expense to M-real, would 
certainly do no harm in London and the South-east, which is the company’s primary U K  
sales target region.
9 BioRegional would have an instant Local Paper for London product to serve as a sales 
platform to promote not only the Local Paper concept but also their other locally relevant 
environmental messages such as waste reduction to landfill and reduced transportation 
impacts.
• ‘Local Paper for ’ is in many respects a clever and powerful brand name. Local
products are becoming increasingly popular from an environmental perspective. Local 
governments and in fact local inhabitants are increasingly warming to devolved power and 
greater local identity and autonomy. O n  top of these issues that the consumer might buy into
is the clear message presented by “Local Paper for ”, namely that this product proves
that your waste has been recycled back into something you can reuse; is a veiy powerful 
marketing message. This issue has been observed in a consumer attitude survey conducted in 
2000 covering over a hundred commercial consumers of 100% recycled LPfL (SSMR.
2000), see Appendix 3.
• By connecting the Local Paper name to an existing commercial mainstream product, the 
Local Paper brand concept receives widespread and credible recognition. Interest already 
exists in the development of ‘Local Papers’ for; Scotland, Manchester, Surrey and the West 
of England. Such widespread interest is to the mutual benefit of the papermalcer, in the 
pursuit of further market penetration, and to the BioRegional Development Group in 
extending the development of their ‘bioregional’ approach to localised production and 
supply systems, based around regional consumption areas.
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3.10. Continuing Development of the 100% Recycled Local Paper for London Project
Since 1999, the core BioRegional focus with respect to the development of the Local Paper 
concept has been to promote M-Real’s ‘evolve’ 100% recycled paper grade as the ‘Local Paper 
for London’ product. The promotional role adopted by the group involves encouraging 
commercial paper users in London to firstly recycle their separated white waste paper and then 
to engage one of a number of London/South-east based waste paper collection companies who 
redistribute the sorted waste paper back to M-Real in Kent. In order to ‘close the loop’, the 
consumer is then asked to buy-back M-Real’s own-brand 100% recycled ‘evolve’ paper, which, 
according to Bioregional Development Group, is a Local Paper for London product since the 
waste paper used as raw material feedstock is sourced from London and the South-east. As a 
point of detail, this ‘local’ claim cannot be fully substantiated. Whilst the bulk of the waste 
paper used at Sittingbourne is for practical reasons sourced from the South-east region, the 
legitimacy of Bioregionals ‘local’ product claim is a weakened one since the M-Real 
Sittingbourne plant, being the only DlP/papermaking plant of its kind in the UK, does in fact 
source waste papers commercially from all over the UK.
Irrespective of this point of detail on the accuracy of the ‘local’ claim, the Local Paper for 
London L C A  looks in practical detail at the local cycle that does actually occur with those 
consumers signed up to the LPfL buy-back scheme, i.e. commercial consumers in London who 
actively recycle office papers back to M-Real’s production plant in Sittingbourne, Kent, and 
who then buy-back the remade LPfL product.
3.11. Potential Benefits of the 100% Recycled Local Paper for London Cycle
In contrast to the generally globalised system of production for conventional virgin and recycled
paper as discussed in Section 8, the broad aims of the ‘Local Paper for London’ concept are to
adopt a small-scale production strategy and to make use of locally available recycled raw
material (waste office paper). Use of this waste material helps to alleviate ever increasing local
waste disposal impacts. Producing this paper also directly offsets demand for imported virgin
materials. As global paper demand continues to rise, such recycled production initiatives will
increasingly become an important part of the ‘sustainable development’ paradigm (see Section
12). The local production for local needs concept inherent in the LPfL cycle greatly reduces the
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transportation impacts compared to conventional virgin and recycled uwf P + W  paper supply to 
the U K  (see Section 10.4.2.). Also, as shown in improvement assessment strategies in Section 
11, the LPfL cycle provides the opportunity to reduce fossil fuel impacts in the cycle via energy 
generation from waste paper collected from LPfL consumers but not used in the remanufacture 
of the LPfL product. As discussed in some detail in Section 12, the closed-loop nature of the 
LPfL cycle also offers the opportunity to develop increased local recycling and manufacturing 
initiatives not only for waste papers from offices. If collection of waste paper could be 
integrated with the collection of other waste products from commercial premises it is veiy 
possible that increased economic activity at a local level could be developed in processing and 
remaking a number of recycled products. As suggested in Sections 11 and 12, it is also not 
impossible to imagine a commercially viable situation where collection of waste paper and other 
office waste products (such as toner cartridges and refurbished computers etc) could also be 
combined in the same vehicle journey with the delivery of Local Paper for London and other re­
made goods.
3.12. The Role and Development of the Local Paper for London L C A
The role of the Local Paper for London L C A  presented in this portfolio is to test and quantify 
the perceived environmental benefits of the LPfL cycle, and to identify how the cycle can be 
further improved. There is much common sense in the LPfL cycle, however, common sense 
alone does not substantiate an idea’s ‘green credential’s’ and does not sell a recycled paper 
product. The LPfL L C A  is intended to provide a picture of the key environmental impacts 
associated with the cycle. This is done such that comparisons with other options can be made 
within the study, and, by virtue of the work having been conducted in accordance with the ISO 
standards for L C A  methodology (ISO, 1997, 1998, 1999, 2000), the study can be used for 
comparative purposes beyond the scope of this research programme. The key aspect of the 
research, considering improvement strategies that could be adopted in the cycle, identifies how 
the Local Paper for London cycle has the potential to help direct commercial waste paper 
recycling strategy at a city scale.
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‘Base-Case’ L C A  Development:
The Local Paper for London L C A  has evaluated and recorded key quantifiable material, energy, 
water and waste flows in order to develop the life cycle inventoiy data and Impact Assessment 
for the existing ‘Base-Case’ 100% recycled LPfL cycle.
Improvement Assessment:
The key role that the L C A  has played in the development of the Local Paper for London concept 
involves the construction of L C A  Improvement Assessment strategies which are presented in 
Section 11. As the layers of improvement strategies have been built onto the cycle, it has been 
possible to quantify how each strategy can improve the environmental profile of the cycle over 
the existing ‘Base-Case’ cycle currently in operation.
The research indicates that in order to improve the ‘Base-Case’ cycle it is necessaiy to ‘close the 
loop’ as tightly as possible and to achieve this it is essential that the stages of the cycle become 
far more firmly integrated. In London and the Southeast, the Local Paper for London L C A  
demonstrates that consumers, Local Authorities, commercial waste paper collectors, a 
designated papermaker, a renewable energy company and paper merchants have an opportunity 
to work together to develop a paper cycle that has the potential to offer improvements in terms 
of economic, environmental and social benefit.
This is the end of Part One, the Introductory part of the Portfolio. The Local Paper for London 
L C A  is presented in Part Three. Part 2 now provides background information and analysis 
essential for a full understanding of the piupose and viability of the LPfL cycle.
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P A R T  T W O
B A C K G R O U N D  I N F O R M A T I O N  A N D  A N A L Y S I S  O F  ISSUES A S S O C I A T E D  W I T H
T H E  L O C A L  P A P E R  F O R  L O N D O N  L C A
Part T w o  is divided into three sections:
• Section 4: provides an overview of the UK paper industry, UK paper consumption figures, 
and recycled paper recovery and utilisation rates with particular emphasis on uwf P+W 
papers. Issues concerning waste paper recycling strategies for domestic and commercial 
consumers are also discussed, highlighting opportunities to strategically improve waste 
paper recycling front the commercial sector.
* Section 5: discusses issues concerning paper and fibre flows necessary to develop a 
sustainable LPfL cycle.
® Section 6: assesses the associated environmental, ecological and socio-economic issues 
that the Local Paper project sets out to offset with respect to forestry and virgin 
production.
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O v e r v i e w  o f  t h e  U K  P a p e r  I n d u s t r y  a n d  K e y  P a p e r  C o n s u m p t i o n  a n d  
R e c y c l in g  I s s u e s  A f f e c t i n g  t h e  L P f L  P r o j e c t .
SECTION FOUR
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4. Overview of the U K  Paper Industry and Key Paper Consumption and Recycling 
Issues Affecting the LPfL Project.
4.1. Introduction
This section breaks into three sub-sections to introduce the reader to three key areas concerning 
paper consumption and recycling in the UK:
Section 4.2 provides a broad overview of U K  paper production and consumption for all paper 
grades. With respect to UK-based production, data and comments are given with respect to two 
key raw material supply mechanisms; imported ‘market pulp’ and recycled waste paper.
Section 4.3 provides an introduction to the data and issues associated specifically with uwf P + W  
paper. The specific areas covered include:
U K  Consumption and Production.
U K  recycled paper consumption and recycled fibre content in uwf P + W  paper 
production.
The availability of waste paper suitable for use in uwf P + W  paper production in the 
UK. With analysis of the availability in relation to the domestic and commercial sectors 
and the geographic regions of the UK.
Finally, Section 4.4 considers the differences in waste paper collection strategies for the 
domestic and commercial sectors. Data in this section also shows the breakdown in composition 
of waste papers by grade for the commercial and domestic sectors; this highlights the 
importance of the commercial sector as a rich resource vein for waste uwf P + W  paper. The 
section concludes by considering how the recovery rate from commercial premises could be 
improved via the introduction of an element of local authority control on commercial waste 
(paper) collection operations.
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The U K  consumed 12.6 million tonnes of paper and board products in 2001 (PFGB, 2002). 
Figure 4.1 illustrates how this total is broken down between the various types of paper and 
board consumed in the UK.
Figure 4.1. U K  Consumption of Paper and Board 2001: Percentage and Million Tonnes
4.2. Total UK Paper and Board Demand, Production and Supply
Note: FBB = Folding box boards
Source: PFGB 2002
Total U K  consumption can be split between imported and home produced products, as shown in 
Table 4.1; it should be noted that data are given for 2000 and 2001. The earlier year is included 
because uwf P + W  paper consumption, production and recycling data in Section 4.3 relates to
2000. Graph 4.1 shows how U K  home production figures have varied over the past decade. 
Figure 4.2 shows U K  home production broken down into the individual paper production 
sectors. Table 4.2. provides a comparison of the U K  production data by grade for 2000 and 2001 
and Table 4.3. provides a breakdown of the fibre sources used in U K  production in 2001.
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Table 4.1. UK Total Consumption, Imports, Exports and Home Production.
M il l io n  T o n n e s  
2 0 0 0
M il l io n  T o n n e s  
2 0 0 1
U K  T o ta l P r o d u c t io n 6 . 6 6 .2
E x p o r t s 1 .4 1 .2
T h u s  U K  P r o d u c t io n  fo r  H o m e  
C o n s u m p t io n
5 .2 5 .0
Im p o r t s 7 .7 7 .6
C o n s u m p t io n 1 2 .9 1 2 .6
S o u r c e  P F G B  2 0 0 2
Graph 4.1. U K  Production of Paper and Board 1991 - 2001
Source PFGB 2002
1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001
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Figure 4.2. UK Production of Paper and Board 2001: Percentage and Million Tonnes
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Table 4.2. U K  Production Totals and Percentages by Paper Grade
2 0 0 0 2 0 0 1
M il l io n
T o n n e s  2 0 0 0
P e r c e n t a g e  
o f  T o ta l U K  
P r o d u c t io n
M il l io n  T o n n e s  
2 0 0 1
P e r c e n t a g e  o f  
T o t a l  U K  
P r o d u c t io n
G r a p h i c s 1 .7 2 6 1 .5 2 5
C a s e  M a t e r ia l s 1 .9 2 9 1 .8 2 9
N e w s p r in t 1.1 1 7 1.1 1 8
S a n i t a r y 0 .7 11 0 .8 1 2
O t h e r  p a c k in g  b o a r d s  
( e x c  F B B )
0 . 6 7 0 .3 4
W r a p p i n g s 0 .1 2 0.1 2
A ll o t h e r s  ( in c  F B B ) 0 . 5 8 0 .6 1 0
C o n s u m p t io n 6 . 6 6 .2
Source PFGB 2002
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4.2.1. Primary Raw Materials for UK Production of Paper and Board
Table 4.3. U K  manufacturers fibrous raw materials - %  usage 2001
Fibre Source %  of total fibre usage
Imported Woodpulp 24%
Home Produced Pulp 8 %
Waste Paper Pulp (pulp equivalent) 67%
Other Fibres &  Pulps (pulp equivalent) 1 %
Total fibre consumed 100%
Source P F G B  2002
The data in table 4.3. illustrate two key issues: firstly, U K  production of paper and board is 
heavily reliant on waste paper as a raw material feedstock; secondly, of the total woodpulp used 
in manufacture, which makes up 32% of the total raw material feedstock, 75% is derived from 
imports.
Before moving on to discuss in further detail the U K  consumption, production and raw material 
requirements for uwf P + W  papers, it is necessary to provide some general information on these 
two key material supplies affecting all paper and board production in the UK, i.e. imported 
‘market pulp’ and recycled waste paper.
4.2.2. The Global Market for Virgin Wood-Pulp, its Effect on the U K  Paper Industry 
and how the LPfL cycle could help Recycled Paper Price Stability
On a global perspective, whilst most of the paper industry is integrated, with pulp and paper 
production carried out in one operation in large integrated mill complexes, wood pulp is also a 
globally traded commodity, sold on the world market as ‘market pulp’. Market pulp is simply a 
finished pulp product that has been dried such that it can be economically shipped around the 
world to papermakers who re-wet the pulp to produce their own papermaking feedstock. 
Generally, market pulp is supplied to papermakers with no integrated pulp production 
themselves, i.e. purely a paper plant. Some market pulp finds its way to papermakers with 
pulping facilities also, but their need for market pulp might relate to the fact that they are unable
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to produce the pulp specification they have imported from the market. Such an example exists 
where a producer has a de-inking pulp plant but still imports virgin market pulp to add to the 
DIP for the manufacture of certain paper grades.
Price fluctuations place enormous pressure on the entire industiy and especially those 
papermakers that are tied to market pulp as a raw material. By being heavily tied to market pulp, 
U K  papermakers are exposed to the vagaries of the market pulp price. Market wood pulp prices 
are in fact highly cyclical and dependent upon many factors, including foreign exchange rates 
and global economic booms and recessions. Large price variation can occur due to the 
introduction to the market of new pulp stocks as large new pulping plants come on line. As an 
example relevant to this research, the price of market pulp for printing and writing paper has 
doubled and halved from the recorded average over the past decade. (PFGB, 2002)
The variation in the spot price for virgin market pulp also has a significant knock-on effect on 
the market value for recycled waste paper (IIED, 1996). When virgin paper is cheap, nobody 
wants to buy recycled paper, therefore the value of recycled waste paper drops. When virgin 
paper is expensive, consumer demand for recycled paper has at least the chance to rise, but the 
recycling market may not be able to respond quickly to increased demand; hence the price 
commanded for waste recycled paper will rise. Such commodity price fluctuations play havoc 
with the recycled waste paper industiy throughout the whole supply chain. The commercial 
consumer of waste paper who is prepared to sort and separate quality office paper for it to be 
collected for recycling also feels this effect; one year the consumer could be receiving a small 
reimbursement price for their waste office paper, the next year collection of sorted waste might 
be free and in the third year the company may have to pay to have the waste collected. This is 
the reality of the competition caused by the virgin pulp market fluctuation and its effect on 
recycled waste paper pricing. In such circumstances the low recovery rate of waste paper from 
offices, including uwf P + W  paper where so much of this grade is consumed, is understandable. 
For many offices, faced also with space constraints for storing recycled paper and the effort of 
maintaining staff commitment to recycling, it is not surprising that the incentive to recycle may 
wane and the used office paper be allowed to enter the trade waste disposal stream where at least 
Local Authority collection charges do not fluctuate.
The pulp/paper industiy is more capital intensive than many manufacturing industries and, as 
mentioned above, the trend in virgin manufacture over the last two decades has been to build
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increasingly large integrated pulp and paper production mills. Most major industrial pulp/paper 
mills now being built around the world produce more than 500,000 tonnes of finished paper per 
annum, with some mills exceeding 1,000,000 tpa output. This huge scale is considered 
necessary in the industiy in order for a plant to maximise the economic efficiency of the pulping 
plant and associated energy recoveiy equipment and to remain globally competitive in such a 
market. The capital cost for a 500,000 tpa mill would be approximately £2 billion. In order to be 
economically competitive, such a wood pulp and paper mill would need to be strategically 
placed near to major timber resources to minimise transportation costs.
In view of these global market mechanisms, at a U K  level, and with respect to the Local Paper 
for London initiative, the more that can be done to improve the P + W  waste paper recoveiy rate, 
to make greater use in this sector of the available waste fibre resource, the less tied to virgin 
imports we become. If the LPfL cycle is given the chance to expand in a strategically planned 
way, with all in the cycle having some involvement in the development, then it may be possible 
to achieve an element of localised isolation from the vagaries of the global virgin and recycled 
pulp markets. If consumers can be tied in to the Local Paper for London cycle it may be possible 
to develop contract arrangements whereby pricing structures (a) for collected waste paper and
(b) for the finished LPfL product are not cyclically variable, but are constructed to give long­
term confidence to:
- the consumer, whose waste paper recycling costs are stable
- the collector, who can develop longer-term contracts with consumers and the 
papermaker, and
- the papermaker, who has the confidence of a more secure supply chain both in terms 
of long-term price and raw material availability. The company also has greater long­
term confidence with respect to finished product sales since the LPfL consumer has 
an incentive to ‘buy-back’ their own waste paper.
4.2.3. Existing Waste Paper Recycling Flows Within the Paper Industry.
Within the European Union, recovered paper is traded according to the specifications listed in 
the “European List of Standard Grades of Recovered Paper and Board” (ERPA 2001). In 2002, 
the system was adopted in the U K  under the British Standards Institute BS E N  643.
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E N  643 was drafted in order to secure the quality of recovered paper supplied to paper mills, to 
improve the traceability of the paper industiy’s raw material supply system, and to facilitate the 
achievement of the 2005 paper recycling target of 56% as set out in the European Declaration on 
Paper Recoveiy (CEPI2000). Clearly, grade definition and well demarcated sorting operations 
are important to ensure the efficiency of those involved in the manufacture of recycled paper 
products; from the consumer responsible for waste paper arisings, to the de-inked pulp 
manufacturer.
Table 2.1. in Section 2. showed a list of the broadly recognised paper grades produced by the 
paper industry. Recycled fibre is used in the manufacture of paper across all of these grade 
definitions. Because of the differing physical qualities of original paper types (be they of virgin 
or recycled origin) only certain paper grades become suitable raw material for different grades 
of recycled paper manufacture. In theoiy, the processing of recovered paper should produce a 
recovered fibre pulp that is suitable as feedstock for the same paper grade as the recovered paper 
itself. For a number of reasons, this principle cannot be completely applied. If waste paper is not 
re-used in the manufacture of the same grade, then the principles of downgrading and upgrading 
apply:
Downgrading (or ‘downcycling’) applies where:
° The quality of fibres or the extraction of contaminants in the recycling process is
insufficient to allow the re-use of the R C F  pulp in the original product.
0 Recovered paper is veiy mixed and contains different types of printed products and
fibre types (from different timber types - hardwood and softwood, and different 
pulping processes - chemical and mechanical); the lower quality fibres in the mixed 
feedstock then restrict the final use of the R C F  pulp. In such cases, the higher quality 
material in the feedstock is effectively downgraded in the resultant recycled product.
* A  higher grade of recovered paper can be used in the manufacture of a lower grade to 
compensate for shortcomings caused by other waste paper inputs to the R C F  
production process. For example, producers of DIP-based newsprint often use the 
controlled addition of old magazines to improve qualities such as brightness in their 
product.
* Coated paper grades are normally downgraded when recycled. The high content of 
non-organic substance introduces fillers, fine pigments and binders into the R C F  
pulp stock. If the aim is to keep the DIP at the same grade level, then coated papers 
force DIP producers to have a high sludge output. If the pulp is downgraded, for
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example to packaging grades, then the yield can be increased by allowing more of 
the inorganic content to remain in the R C F  pulp.
• Certain paper grades will never come back into the production of the same grade. 
Many printed waste papers are an essential feedstock in packaging papers and board 
while most tissue grades, by virtue of their use, cannot be recycled.
Upgrading applies where:
• Small amounts of lower quality recovered paper sometimes come commingled with 
better grades and the mix makes it possible for the better grades to hide or 
compensate for the shortcomings of the lower grade material. For example, R C F  
pulp (of the type used in the LPfL cycle) can be classified ‘wood-free’ after the DIP 
and bleaching process with an upper limit of 5-10% of the fibre being derived from 
mechanical pulp fibres.
• A  recycled fibre pulp can be hidden within the sheet by virtue of the fact that many 
paper and board products are in fact layered products. Hence, a low-grade R C F  pulp 
can in effect be hidden in a relatively higher-grade product. This circumstance is 
typical in packaging and board grades and technologies are being developed to apply 
the principle to printing papers etc.
• Upgrading can be applied where relatively low grade R C F  is used to produce a 
product that is marketed in a high paper grade category and where the resultant 
quality loss is accepted by consumers on environmental grounds. For example, 
recycled papers used in books or magazines may purposefully display a recycled 
appearance as a selling point where environmental credentials are desired. 
(Gottsching, 2000. ch. 10 p 400)
Figure 4.3. illustrates the industrial ecology of waste paper as a raw material feedstock in the 
manufacture of recycled paper. It is recognised that this illustration is a broad generalisation 
which omits to show all pathways for waste paper as a feedstock to papermaking. However, for 
the purposes of this research, the diagram serves to demonstrate the normal flows of waste paper 
through the industiy; how papers are often recycled within their own grade and how the 
tendency is for waste papers to generally ‘trickle down’ the hierarchy of papers, from high grade 
down to the lower grade tissue or packaging grades and board products. The concept of 
Industrial Ecology is picked up again in Section 5.7, where the long-term sustainability of the
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Local Paper for London is discussed in terms of the continued availability of recovered paper 
and average fibre age in the cycle.
Figure 4.3 The intersectoral ecology of waste paper as a raw material in the paper industry
4.2.4. The Importance of Recycled Paper in U K  Production and Consumption
In 2001, the UIC paper industry recorded the following key statistics with respect to the 
recovered paper sector:
Collection Rate 44.2% This is a common measure of a country’s recycling level and 
(or recovery rate) equals the percentage of reported consumption that is collected as
waste paper. Thus, with 12.6 million tonnes of consumption in the 
UK, approximately 5.57 million tonnes of waste paper is collected. 
Utilisation Rate 74.3% The utilisation rate is the percentage of waste paper consumed in
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the nation’s own paper production (plus waste paper imports 
minus exports). Thus in the U K  production of 6.2 million tonnes 
of paper and board we use 4.6 million tonnes of waste paper. 
Recycling Rate 36.7% This equals the amount of waste paper consumed in U K
production expressed as a percentage of apparent national 
consumption.
Sources: Paperloop (2002) &  CEPI (2002)
Despite knowing these key waste paper statistics for the UK, it is not possible to determine what 
exact proportion of all U K  paper consumption is actually derived from recovered fibre. This is 
because no importation statistics are available that demarcate paper and board products into 
virgin and recycled products. It is also important to note that paper products are at times made of 
a combination of recycled and virgin fibre without a quantitative breakdown of contents being 
given (Taylor, C. 2001). As a result, no national statistics are available to demarcate paper 
imports into (a) 100% virgin or recycled, or (b) fibre furnish percentages when virgin and 
recycled fibre are mixed in the imported product. Of the 7.6 million tonnes of paper and board 
imported to the UK, it would be reasonable for the pmposes of this research to estimate that a 
generous maximum of 10% were of recycled fibre origin (NLIC Associates, 2001).
This means that of the total paper and board consumed in the UIC, circa 36% is of recycled 
origin, where:
Consumption of home produced paper and board 5.0 mtpa 3.7 mtpa is of recycled origin 
at a utilisation rate of 74.3%
Consumption of imported paper and board 7.6 mtpa 0.76 mtpa is of recycled 
origin, assuming 1 0 %  
recycled content of total 
imports
Total U K  consumption 12.6 mtpa Of which, circa 4.46 mtpa is 
of recycled content
Approx. recycled content of total U K  consumption = 36%
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In U K  production of paper, the use of recycled material varies across the paper production 
sectors as illustrated in Graph 4.4. This also illustrates how low the utilisation rate in the 
graphics (printing and writing) paper sector is in comparison to other grades.
Graph 4.2. Recovered Paper Usage by Sector
1 0 0 %
80%
60%
40%
2 0 %
0 %
Note: Usage by sector of over 100% reflects the fact that the fibre content of 
recovered paper is approximately 85% of dry weight 
Source: PFGB 2002
It is important to consider why the utilisation rate for the P + W  paper sector is so low. The U K  
industry rightly supports the view that it is better to add new (virgin) fibre where it has the best 
papermaking value - i.e. in those products where its use assists in achieving specific properties. 
This means, for example, that virgin fibre is best used where highest levels of printability (e.g. 
printing and writing papers), strength (e.g. liquid food cartons), and/or cleanliness (e.g. direct 
food contact grades) are required (PFGB 2002b). The argument is that virgin fibre used in high 
grade paper generally enables virgin material to be recycled and consequently cascaded down 
into the hierarchy of other paper grades in order to ensure that from a systems-wide perspective, 
virgin paper is constantly introduced into U K  production. This supports the argument 
highlighted in Section 5 which discusses the issue of fibre sustainability in U K  papermaking and 
the need to introduce virgin fibre into the manufacturing process in order to offset fibre 
degradation each time it is recycled.
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This principle of introducing virgin fibre into high-grade papers, such as P + W  paper, that are 
then recycled to introduce virgin fibre into the whole U K  papermaking sector makes sense, but 
unfortunately the principle is not fully played out in practice. This is illustrated in Table 4.4. 
where it is shown that relatively low recovery (collection) rates exist for the P + W  sector and that 
the recovery rate is even lower for the specific uwf P + W  grade. It is in fact recognised by the 
U K  paper industry that waste printing and writing paper is “largely an untapped resource” 
(Paperchain 2002).
Rather than recycle this resource to utilise the influx of virgin fibre to the whole system, most of 
this high quality fibre resource is currently being directed to final waste disposal. The reason 
suggested here for this fact is that the primary users of this grade - namely commercial paper 
consumers and mainly offices - do not appreciate the recyclability of their waste paper and are 
not directed by economic or legislative measures to ensure that they improve their waste paper 
recycling performance.
4.3. U K  Consumption and Production Issues Relating to Uncoated Woodfree Printing 
and Writing Papers
4.3.1. Consumption
Of the 4.8 million tonnes of all printing and writing paper currently consumed annually in the 
UK, around 92% of the fibre raw material origin is in the form of imported virgin wood pulp. 
This either arrives to the U K  as ‘market pulp’, which is then used by U K  papermakers to 
manufacture the finished product, or as finished paper. It should be noted that no publicly 
available data exists concerning the recycled content of imported market pulp and finished paper 
in the uwf P + W  paper sector. Industry estimates suggest that both statistics are low. It is 
estimated that approximately 50,000 tonnes of recycled market DIP and 50,000 tonnes of 
finished recycled paper in the uwf P + W  sector are currently imported per annum (NLK 
Associates 2001)
In Section 6 where fibre sources are considered for imports of uwf P + W  it is shown that ‘market 
pulp’ imports to the U K  for printing and writing papers come primarily from Nth &  Sth 
America and Europe. Finished imported printing and writing papers to the U K  come
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predominately from within Europe, with other export markets to the UIC being South-east Asia 
and Nth &  Sth America. (PFGB 2002b).
4.3.2. H o m e  Production
Printing and Writing paper manufacturers in the UIC produced 1.5 million tonnes of paper in
2001. This constituted 35% of P + W  paper demand in the UIC and 25% of total UIC paper and 
board production. The Printing and Writing production sector has to import all its virgin wood 
pulp because there are no pulp mills in the U K  that can produce pulp suitable for P + W  paper 
production and because the U K  has limited suitable commercial timber resources. Using 2000 as 
an example, the sector thus had to import 1.6 million tonnes of virgin pulp in order to produce 
1.7 million tonnes of finished product in that year (NLIC Associates, 2001). The U K  graphics 
papermaking industry is therefore heavily tied to imported virgin raw materials and the volatility 
of imported market pulp prices and associated foreign exchange exposure has a detrimental 
effect on the industry’s competitiveness.
4.3.3. Recycled Content in uwf P + W  Paper Production and Total Consumption in the UIC
The data in Table 4.4 illustrates how much printing and writing paper and, within that broad 
grade, how much uncoated woodfree printing and writing paper we consume in the UIC. 
Percentage figures are then given for how much of this paper is recycled as post-consumer waste 
and how much this contributes to the overall UIC production output of these grades in the UK. 
The same data has been shown for newsprint in order to show how low in comparison recoveiy 
and utilisation rates are for printing and writing papers. The data given refers to consumption, 
production and recycling for the year 2000.
The utilisation rate of recycled fibre in the manufacture of printing and writing paper is limited 
in the U K  to approximately 9 %  of UIC production (see Table 4.4.). Overall, allowing for 
importation and home production, this means that only 3 %  of all printing and writings papers 
consumed in the U K  is derived from recycled fibre. Looking specifically at uncoated woodfree 
printing and writing papers, the utilisation rate figures are 16% and 9 %  respectively.
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Table 4.4. Comparison of consumption figures, post-consumer recycling and its use in 
U K  production of graphics papers and newsprint for the year 2000.
Total
Printing
and
Writing
Papers
Uncoatcd 
woodfree 
Printing & 
Writing 
Papers
Newsprint
CONSUMPTION & RECYCLING DATA REC YCLED CONTENT IN UK PRODN. DATA
UK Consumption
Showing approx. 
%s for import and 
home production
Quantity 
recycled as 
Post­
consumer 
waste
Quantity 
collected as % 
of total grade 
consumption
Recycled 
quantity used 
in UK prodn. 
of same grade
Total UK 
prodn. of 
grade
% use of 
recycled in 
UK prodn. 
of same 
grade
use of 
recycled in 
prodn as % of 
total UK 
consumption 
of grade
(000 tonnes) (000 tonnes) % (000 tonnes) (000 tonnes) % %
4821
62% import 
38% home
995 21% 160 1747 9% 3%
1724
46% import 
54% home
247 14% 150 903 16% 9%
2617
59% import 
41% home
1292 50% 1115 1070 100% 43%
Source: Consumption and Production data, (PFGB, 2001). Post-consumer collection and quantities used in UK production of 
same grade, (NLK Associates, 2001)
Notes: 1 - above table ignores % yield losses of recycled paper production and papermaking filler/coating inputs in production.
2- recycling and recycled content used in production figures do not consider issue of imports/exports of waste paper
and market pulps
3- Exports from home production ignored
4.3.4. Recycled uwf P + W  Paper Availability and its Relevance to the Local Paper for 
London project
It has already been mentioned in Section 2.5. that uwf P + W  paper in the U K  is mainly 
consumed in commercial offices, and the LPfL cycle focuses on this area. It has also been 
explained in the introduction that at a city-scale, per-capita consumption in the Greater London 
region is far higher than the U K  average. In effect, from a resource perspective, commercial 
users therefore represent a rich, concentrated vein of recyclable waste printing and writing 
paper. In contrast, the statistics show that for domestic use, printing and writing paper
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consumption per-capita is far less. From a geographical perspective, whilst the collective 
domestic use of this grade across the whole of the U K  is high in quantity, from a resource 
recovery perspective, the vein is widely distributed and the specific uwf P + W  grade to be 
recovered is greatly commingled with other paper grades.
The statistics in Tables 4.5, 4.6, and 4.7 further illustrate these issues by highlighting paper 
consumption by grade in the domestic and commercial sectors and uwf P + W  paper consumption 
differences between the domestic and commercial sectors. Of particular interest in Table 4.7 is 
the large difference in per capita consumption of uwf P + W  paper. It is clear that as far as the 
focus of collection is concerned, for this paper grade, commercial premises represent a far richer 
and more concentrated resource vein than the domestic sector.
Table 4.5. Breakdown of Paper Grades used in the Commercial Sector
Grade Consumption 
(000 tonnes)
% of Total 
Consumption
Uncoated Woodfree P+W 900 85.1
Uncoated Mechanical 103 9.7
Coated Woodfree 55 5.2
Coated Mechanical 0 0.0
Total 1058 100%
N L K  Associates (2001)
Table 4.6. Breakdown of Paper Grades used in the Domestic Sector
Grade Consumption 
(000 tomies)
% of Total 
Consumption
Uncoated Woodfree P+W 824 22.8
Uncoated Mechanical 428 11.9
Coated Woodfree 1539 42.7
Coated Mechanical 817 22.6
Total 3608 100%
NLK Associates (2001)
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Table 4.7. U K  Consumption of Uncoated Woodfree Printing and Writing Paper and the 
split between Domestic and Commercial Sector Consumption, 2000.
Grade Total UK 
Consumption 
0
Total UK Commercial 
Consumption
(2) ... _ ... . .
Total UK Domestic Consumption 
(2)
(000 tonnes) (000 tonnes % of total 
UK cons
Per capita
consumption
(kg)
(000 tonnes % of total 
UK cons.
Per capita 
consumption 
(kg) (3)
Uncoated 
woodfree 
printing and 
writing paper
1,724 900 52% 55.3 824 47% 12.3
References:
(1) PFGB Ref Stats (2001)
(2) NLK Associates (2001)
(3) Derived from NLK Associates Data re UK Ave. Household Consumption
4.3.5. Regional Availability of Waste uwf P + W  Papers in the U K
Having outlined the consumption figures for uwf P + W  paper in commercial premises in the UK, 
it is important to consider these figures on a regional basis and to determine how much is 
currently collected within each region and therefore how much is currently still available. In 
determining the figures for the quantities still potentially available for collection, it is important 
to allocate proportions of total consumption to papers that are irretrievable and uneconomic to 
collect. The values used to assign quantities for these proportions in this study are:
Consumption portion %  of total 
consumption
Comments
Irretrievable 1 5 % For example, papers posted as correspondence 
or archived.
Uneconomic to collect 2 0 % Estimate based on research into ‘maxi m u m  
potential recycling rates’ for waste paper.
N L K  Associates 2001
By allocating these proportions in this way, the resultant maximum ‘potential’ recoveiy rate is; 
the total paper consumed, less that deemed irretrievable and uneconomic to collect, and is thus 
estimated as 65% of the total paper consumed. This figure will be reconsidered in Section 5 
where the issue of the maximum recycling potential in the LPfL cycle is considered. The figure 
of 65% as the maximum potential recovery rate will be shown to correspond closely with the 
figure for the maximum theoretical waste paper utilisation rate in the LPfL cycle. In other 
words, if the collection rate were to work at its maximum efficiency, this figure would
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correspond with the theoretical maximum input of recycled fibre into UK-wide production 
beyond which concerns regarding finished product physical properties would arise with respect 
to the average fibre age distribution and sustainability of DIP fibre furnish in recycled paper.
Table 4.8 considers the issue of losses associated with papers that are irretrievable or cannot be 
collected economically. This data is important in order to look in further detail at the UK-wide 
commercial sector and the availability of waste papers from commercial premises.
Table 4.8. Regional Availability of Office Secondary Fibre
Region share of UK 
offices
Total Paper 
Consumed
Irretrievable Uneconomic Already
Collected
Still
Available
% (000 tonnes) (000 tonnes) (000 tonnes) (000 tonnes) (000 tonnes)
Scotland 7.4 71 11 12 25 23
North East 3.6 34 5 6 12 11
North West 9.0 85 13 15 31 27
Yorkshire and 
Humberside
7.3 70 10 12 25 22
East Midlands 7.0 67 10 11 24 21
West Midlands 8.6 82 12 14 29 26
East 4.2 40 6 7 14 13
London 16.3 155 23 26 56 50
South East 22.3 212 32 36 77 68
South West 9.6 92 14 16 33 29
Wales 4.6 44 7 7 16 14
Total U K  
(exc. Northern 
Ireland)
100 951 143 162 343 303
NLK Associates (2001)
Note: The figures for London and the South East have been highlighted in this table to illustrate the quantities of 
waste available and relevant to the LPfL project
4.3.6. Overview of uwf P + W  Recycling Statistics: The Availability of Waste Paper and 
the Potential of the LPfL Scheme
Looking in further detail at the data presented in this section for the consumption and recycling 
of uncoated woodfree printing and writing paper in the U K  for the year 2000:
1,747,000 tonnes of uwf P + W  paper were consumed in the U K  (PFGB, 2001); see Table 4.4. 
- Approximately 52% of consumption of this grade was in offices (NLK Associates, 2001); 
see Table 4.7.
Of the 14% total recycled, 80% was from offices with only 20% arising from the domestic 
sector (NLK Associates, 2001).
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- Estimated arisings of uncoated woodfree printing and writing paper from offices in London 
and the South East were circa 270,000 tonnes (NLK Associates, 2001); see Table 4.8.
- Currently, around 113,000 tonnes of this grade is recycled from offices in London and the 
South East (NLK Associates, 2001); see Tables 4.8 and 4.5.
- Approximately 100,000 more tonnes of uwf P + W  paper could currently be realistically 
recycled from offices in London and the South East (assuming a maximum practicable 
recycling rate of 65%) (NLK Associates 2001); see Tables 4.8 and 4.5.
If the collection of waste paper from commercial premises were strategically planned via 
some form of co-ordinating control from Local Authorities, it is possible that the proportion 
of waste papers currently deemed ‘uneconomic to collect’, (see Table 4.8.) might reduce. 
This would naturally increase the maximum practicable recycling rate and increase the 
quantities that could be collected from regions of high per-capita consumption. For example, 
if the portion deemed uneconomic to collect were reduced from 20% of total arisings to 
15%, in London and the South-east region this would result in approximately 12,000 more 
tonnes of uwf P + W  paper still available to collect, bringing the total to circa 112,000 tonnes.
- Uncoated woodfree printing and writing paper is a quality paper product that sits in the top 
region of the paper-grade hierarchy. As a result, more ‘work’ has been exerted in refining 
and finishing this paper product than papers found lower on the hierarchy. (See Section 2.) 
Fibre physical characteristics in this grade of paper are such that it can be recycled up to 5 
times (PIRA International, 1991).
- As a general rule, if recycled graphics paper is not used in the manufacture of the same 
grade, it is often used to manufacture tissue papers. As a result, as tissue paper, only one 
further use is made of the fibre before final disposal.
From the above, the following conclusions can be put forward:
Commercial offices offer the richest and most geographically concentrated resource of waste 
uwf P + W  paper. In London and the South East, the spare reserve of waste uwf P + W  paper, 
which could realistically be recovered from its offices, is of a scale that is of sufficient size to 
supply a conventional de-inking/papermaking facility. For example, the de-inking pulp mill 
currently involved in the Local Paper for London cycle has demand of approximately 130,000 -
150,000 tonnes of waste paper per annum. In order to make best use of the material value of uwf 
P+W, it should be recycled back into the production of its own grade. If it is used for tissue 
paper production, the vast majority of that consumed in the U K  will be impossible to recover for
its material or energy value and instead will have to be dealt with as an organic waste to landfill.
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4.4. Overview of Mechanisms that keep Recycling of uwf Printing and Writing Paper low 
in the U K
The preceding explanations in Sections 4 have sought to highlight a number of issues 
concerning the U K ’s consumption of paper and the use of recycled fibre. With respect to uwf 
P + W  paper it has been demonstrated that consumption of virgin paper is very high and that 
current recovery and utilisation rates for this grade are very low. It is useful at this stage to 
provide the reader with a simplified overview of the mechanisms which exist that tend to result 
in low sales and low recovery/utilisation rates of uwf P + W  papers in the UK.
Whilst the issues presented are not necessarily connected, key reasons for the low sales and 
recovery/utilisation rates in ‘office papers’ occur throughout the paper cycle. These range from 
the increase in forestry plantation systems and the relative low market cost for virgin pulp 
through to the mere practicalities of waste paper disposal options in commercial premises.
Table 4.9. provides an overview of some of the key mechanisms that result in the high 
proportion of virgin paper produced and consequently consumed in the uwf P + W  paper sector 
(as illustrated in Section 4.3.2.) and the reasons for the low recycled fibre waste paper utilisation 
rate as experienced in the U K  in the production of this grade (as illustrated in Table 4.4, Section
4.3.3.)
Table 4.9. Overview Of Key Mechanisms that result in a Low U K  Recovery Rate for 
uwf P + W  Paper in the U K
PAPER INDUSTRY PERSPECTIVE:
Imported virgin pulp prices are low. In certain market circumstances, from an 
accounting perspective, it would be prohibitive for a UK papermaker to invest in a 
recycled pulp production plant, compared to simply purchasing imported virgin 
market pulp.
As a result there is already a lack of capacity in the UK to produce recycled uwf 
P+W paper compared to the amount currently recycled. Recovered uwf P+W 
paper is thus used to remake the same grade to current production capacity with 
the remainder either exported or used to make lower grade papers, commonly 
tissue grades.
CONSUMER PERSPECTIVE
Imported virgin finished paper prices for uwf P+W papers are low; therefore, from 
a price perspective the demand for recycled papers is not stimulated by the 
mainstream market. Consumers who purchase recycled printing and writing paper 
are stimulated to buy for environmental reasons, not economic AND 
environmental reasons.
GLOB VI. 
PULP/PAPER 
M VRKET 
PERSPECTIVES
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Table 4.9. contd.
PAPER
PRODUCTION
INDUSTRY
FIBRE
REQUIREMENTS
\ \  AS TE PAPER 
COLLECTION
CONSl MI R 
PERCEPTION
LEGISLATIVE
INCENTIVES
Virgin fibre input into the paper industry is required to maintain the viability of 
waste paper recycling and recycled paper manufacture, see Section 5. Virgin 
material is best used in high-grade papers such as printing and writing grades so 
that, in theory, this paper can be recovered as high-grade material with high virgin 
content for use in recycled manufacture. This theory is not effectively played out
in practice, as explained in Section 4.3.3 and Section 5.7._______________________
LOCAL AUTHORITIES:
Most uncoated woodfree printing and writing paper appears in the commercial 
waste stream, Local Authorities are not generally involved in collection from 
commercial premises and do not control collection operations.
COMMERCIAL COLLECTION COMPANIES:
Due to variations in market value for office waste papers and costs o f collection, 
commercial waste paper collection companies have to target larger organisations, 
hence incentives are not in place for many commercial paper consumers to have 
their waste office paper recycled.
COMMERCIAL PAPER USERS:
Recycling in offices is often lax. This is due to a variety o f reasons including: poor 
management o f environmental affairs, lack o f incentive/interest amongst 
employees, lack o f financial incentives for companies to recycle opposed to 
paying for commercial waste disposal, concerns regarding the chain o f custody of 
recycled waste paper and concerns over confidentiality and difficulties in storing
waste papers awaiting collection.____________________________________________
RECYCLED PAPER Quality:
Despite technological recognition that high-grade recycled uwf P+W papers 
perform just as well as virgin papers with respect to printability and runnability in 
office machinery, consumers have not yet been fully convinced.
BENEFITS OF RECYCLING:
Confusion amongst consumers still exists regarding the environmental benefits of 
recycled paper over virgin paper produced from ‘sustainable forestry practices’, 
see Sections 6 & 7.
The national Waste Strategy for England and Wales 2000 (DEFRA, 2000) sets 
targets to reduce the amount o f waste going to landfill. Targets for reduction exist 
for Commercial/Industrial waste and Municipal waste. Targets for municipal 
waste are controlled by Local Authority collection and are set at improving the 
current recycling/composting rate o f 9% to 25% by 2005 and 30% by 2010. 
Targets for the Commercial/Industrial sector is to reduce the amount o f waste 
going to landfill to 85% of the 1998 level. The main mechanisms to achieve this 
target in the Commercial/Industrial sector is via business to business initiatives 
and other legislative mechanisms such as the Producer Responsibility (Packaging 
Waste Reductions Regulations). During the consultation process o f the 
development o f the Waste Strategy 2000, numerous stakeholder groups suggested 
that targets for commercial waste recycling should be incorporated into Local 
Authority responsibilities in order to streamline and increase the collection from 
the rich commercial/industrial waste stream. A planned move by the UK 
Government to markedly increase Landfill Tax costs (The Guardian 2002) is 
regarded by many in the waste management industry as a key mechanism to 
stimulate increased recovery rates for waste paper and other recyclates, see 
Section 5.7.
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In order to identify the potential for waste paper recovery in the commercial sector, compared to 
the domestic sector, for the recovery of uwf P + W  paper, it is necessaiy to briefly consider the 
differences in the existing mechanisms to recover waste paper from these two sectors. The 
following flow diagrams provide an overview of how the current strategies for the handling of 
waste papers differ between the commercial and domestic sectors.
4.5.1. Domestic Sector Recovery Strategy
In the domestic sector, recovery of recycled waste paper is carried out by Local Authority 
organised kerbside collection, or via consumer “bring systems” to waste recycling depots. All 
paper grades are collected on the street or delivered by the consumer commingled; in other 
words, all grades of consumed papers are collected such that newspapers, magazines, printing 
and writing papers and packaging grades are mixed. As Table 4.6. shows, mechanical derived 
waste paper (coated and uncoated) and coated woodfree comprises almost 80% of the total 
recycled domestic waste paper stream. The main waste paper products recycled from the 
domestic sector in these categories are newspapers (uncoated mechanical) and magazines and 
pamphlets (coated/uncoated mechanical or coated/imcoated woodfree). Much of the coated and 
uncoated woodfree paper is derived from junk mail which tends to be highly printed and 
contains veiy high quantities of non-fibre material, primarily fillers, making it a low value 
recycled waste paper source.
With respect to the Local Paper for London project, whilst a proportion of the uwf P + W  paper 
(and a small percentage of the other grades) found in the domestic stream would be suitable for 
the production of recycled uwf P + W  Local Paper, the sorting technologies necessaiy and the 
high costs associated with sorting currently rule out the use of waste papers from the domestic 
stream. This need not always remain the case and as local authorities improve domestic oriented 
M R P ’s , paper sorting of the domestic stream will improve. However, with such a rich, 
concentrated resource still available to mine from offices, the small percentage of the overall 
domestic waste paper stream that is suitable for the reproduction of uwf P + W  paper will stay 
mixed with the predominant domestic grades such as magazines and pamphlets. As a general 
rule, domestic waste papers are reused for the manufacture of newsprint, magazines, and 
packaging grades and the addition of a proportion of uwf P + W  generally helps in the production 
of recycled lower grades.
4.5. Differences in Recycling Mechanisms for the Domestic and Commercial Sectors
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Figure 4.4. Simplified Model of Domestic Waste Paper Recovery System
Domestic Sector 
Consumption
Local Authority 
Controlled 
Recycled Waste 
Collection Resultant Sector Outputs
Waste paper fractions dominated 
by newspaper and magazines, 
which comprise circa 80% (see 
table 4.6.) Such grades, are 
generally only suitable for re-use 
in same grades or in lower paper 
grades such as packaging or 
fibreboard.
Uncoated woodfree printing and 
writing paper found in the waste 
stream often not separated as 
specific grade
4.5.2. Commercial Sector Recovery Strategy
A cross the U K , com m ercial w aste  paper is co llec ted  alm ost exclusively  via com m ercial w aste 
paper co llection /recycling  com panies. Such com panies operate as free agents and com pete for 
business throughout a region. In the G reater London area there are 40 to 60 com panies involved 
in w aste paper collection. T urnover varies greatly , from  the largest organisa tions, w ho collect 
upw ards o f  170,000 tonnes o f  com m ercial w aste paper per annum , to very  sm all local 
com m unity  recycling  groups w ho m ay co llec t as little as 70 tonnes per annum .
Indiv idual com panies w ill define their ow n operational boundaries depending  on the size o f  their 
business and transport fleets. Local A uthorities do not control operational boundaries; for 
exam ple, in the C ity o f  London w here per cap ita  consum ption  o f  office paper is very high, at 
least 10-20 private w aste paper co llection  com panies com pete for a share o f  the com m ercial 
w aste paper business.
W hilst th is p rivate-orien ted  business strategy  operates in the spirit o f  free com m ercial enterprise, 
from  an environm ental im pact perspective the system  is clearly  inefficient, w ith  com panies
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duplicating  collection  routes and con tribu ting  to road  congestion  and a ir pollu tion. B ecause no 
co-ord inated  link-up exists w ith  local au thorities, w aste paper co llec tion  com panies are exposed  
to the threat o f  park ing  fines w hilst co llec tions are being  m ade.
Figure 4.5. Simplified Model of Commercial Waste Paper Recovery System
4.5.3. Conclusions on Waste Paper Collection Strategies
In the G overnm en t’s W aste S trategy  for E ngland  and W ales 2000 (D E FR A  2000), no clear 
targets are set for com m ercial w aste  paper co llec tion  and recycling  and Local A uthorities are not 
charged  w ith  any responsib ility  to contro l com m ercial operations. Local A uthorities do have a 
du ty  to o ffer a chargeable serv ice to co llec t com m ercial recycled m aterial -  but only w here they 
are asked  to by a trader. C om m only , local authorities becom e a co llection  p rov ider o f  last resort 
i.e. w here no com m ercial operato r w ill p rov ide the service to a business. T hus, it is very often  
the case that Local A uthorities p ick  up the com m ercial w aste business w hich  is com m ercially  
not v iable (LG A . 2005).
B roadly  speaking, w aste policy  regard ing  the com m ercial sector is steered  by the understanding  
that the p ick ings are rich  for recycleab le m aterial and  thus m arket forces and  en trepreneurialism  
w ill ensure that com m ercial w aste recycling  is w idespread. In support o f  this, the W aste
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Strategy 2000 report also points to the generally high existing recovery rates recorded in the 
commercial sector.
The primary focus for Local Authority targeted action, as dictated by the Waste Strategy 2000, 
is thus mainly confined to the Domestic Sector. In contrast to the collection of commercial 
waste, domestic refuse recycling operates on a non-profit basis, funded by council tax charges. 
Commercial recycler's may sub-contract their operations to Local Authorities for domestic 
collection, but because the collection and separation operations are costly, domestic recycling 
remains firmly in the public sphere with regards to responsibility and funding.
A  key legislative lever concerning national waste reduction and incentives to increase recycling 
is the landfill tax regulation, first introduced in 1996 (HMSO. 1996). This tax, paid per tonne 
disposed, is levied against landfill site operators. The cost is passed on by the operator to the 
waste producer and the intention is that increased prices for landfill disposal will encourage 
waste minimisation and diversion away from landfill to treatment methods further up the waste 
hierarchy such as reuse and recycling.
In 1997, the government introduced the landfill tax escalator, such that year-on-year, landfill tax 
would rise. By 2004 the cost per tonne for general waste had risen from the initial figure of £7 to 
£ 13/tonne. There are indications that the government wishes for the figure to rise appreciably in 
the near future (Guardian 2002). Whilst landfill taxation is not a direct form of targeted control, 
the Waste Strategy 2000 report points out that this measure will serve as a key incentive driving 
national waste minimisation and increased recycling across all sectors. The report also points 
out that the escalator would stimulate increased recycling in the non-specifically targeted 
commercial sector; rather than pay increasing costs for waste disposal by local authorities, 
companies would find greater economic sense in disposing of their waste via the commercial 
waste recycling sector.
The Waste Strategy is currently under review and organisations such as the Local Government
Association have lobbied for more power to be given to local authorities to create strategies for
commercial waste recycling (LGA. 2006.) With regards to commercial waste paper collection,
any such move could enable significant improvements in overall collection efficiencies,
particularly with respect to the largest impact, namely transportation. This could be brought
about by simply granting local authorities the power to allocate regional contracts to individual
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waste paper collection companies for commercial waste paper recovery. If contracts were 
allocated in this way, it would become possible for the commercial collector to initiate dedicated 
whole-street collections in areas dominated by commercial premises. If such a circumstance 
prevailed, it is likely that the portion of the waste paper stream from office premises that is 
currently viewed as uneconomic to recover (see Table 4.8.) would come down.
In view of the statistics in Table 4.8 showing the volume of commercial waste paper not 
currently collected, commercial collection companies need not face a loss in business or 
commercial efficiency due to such a radical restructuring. The move from the ‘unstructured free- 
for-all’ approach that currently exists, to a ‘planned and controlled commercial waste paper 
collection approach’ would help enable transportation impacts in collection to be reduced. These 
effects would not only be experienced in a reduction in mileage costs per paper collection round; 
the additional community-oriented advantages of reduced congestion and street pollution would 
also be achieved. Also, by linking in a controlled way with Local Authorities, waste paper 
collection companies would be in a legitimate position to reduce their exposure to fixed parking 
penalties. This improvement alone could provide a significant commercial advantage to such 
companies. Whilst no firm data have been found to show the costs of parking penalties, 
correspondence with two collection companies in London suggests that currently parking fines 
contribute to 3 to 5 %  of their total collection operational costs. (London Recycling, 2001, 
Paperround, 2000).
Such initiatives, coupled with increases in landfill tax via the escalator, would then present 
commercial companies with the double incentive of the availability of more cost-efficient 
commercial recycled collection and rising waste disposal costs (Taylor, 2001b). A  general 
consensus from the recycling industry is that if landfill tax were to rise above £30, this would 
really begin to present a very strong economic signal to consumers to recycle materials rather 
than allow waste to be disposed of via landfill (Eunomia, 2003).
The issue of improving transportation impacts has been considered in the Local Paper for 
London L C A  and is discussed further in Sections 11.3 and 11.4.
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SECTION FIVE
A n a l y s i s  o f  P a p e r  a n d  F i b r e  F lo w s  N e c e s s a r y  t o  D e v e lo p  a  S u s t a i n a b l e  P a p e r
C y c l e
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5. Analysis of Paper and Fibre Flows Necessary to Develop a Sustainable LPfL Cycle.
5.1. Introduction
The BioRegional Group’s overarching objective with regard to Local Paper is to develop a cycle 
that makes use of virgin fibres derived from the U K  along with locally sourced recycled waste 
paper fibre in order to alleviate the U K ’s demand for imported pulp and paper products. Whilst 
such an objective fits in with the bioregional ethic of meeting demand for local goods with local 
raw materials, careful consideration of fibre flows around the Local Paper cycle is required to 
assess the virgin and recycled fibre requirements necessaiy to sustain the Local Paper cycle. It 
was explained in Fig 3.3. that BioRegional’s original concept sought to introduce 20% of virgin 
fibre into the Local Paper product in order to offset the percentage of fibre lost as a waste sludge 
whenever recycled paper is re-pulped.
It was suggested in Section 3.8 that the issue of developing a truly sustainable fibre flow for the 
Local Paper cycle is in fact far more complex. It is necessaiy to ensure that the required quantity 
of virgin origin material continues to enter the system in order to maintain a suitably low 
average fibre age of the re-manufactured LPfL product and to offset the fibre lost through the 
LPfL cycle which occurs due to:
• Leakage of paper in the use phase due to archiving and export out of the system (delivery of 
reports, invoices etc)
® Inefficiencies in the waste paper recoveiy and sorting operation, and
• Losses of fibre as sludge in the recycled paper manufacturing process.
It is also important to consider the increase in the average fibre age in the LPfL papermaking 
feedstock which would result from widespread uptake of the LPfL cycle.
The following research questions set out to estimate the requirements for fibre origin, fibre age 
and the mix of virgin and recycled paper needed to sustain the LPfL concept.
Research Question 1: Assuming the inherent losses in the LPfL recovery and reprocessing 
cycle, what is the theoretical point at which commercial demand for 100% recycled LPfL is just 
met by the maximum production output of the LPfL cycle, derived from the waste paper that 
enters the LPfL cycle? In endeavouring to answer this question it is necessaiy to understand that
65
commercial consumption of paper is driven by two primary mechanisms. Firstly, a commercial 
consumer ‘self-purchases’ paper for their own consumption (in the LPfL paper flow analysis, 
we assume that all uwf P + W  paper self-purchased is 100% recycled LPfL). Secondly, a 
commercial consumer will handle a wide array of other paper products that enter the workplace 
via a number of routes (postal deliveries, hand delivered documents etc). A  proportion of these 
‘other paper inputs’ will then enter the LPfL recycling system. The addition of these other paper 
products offsets the losses experienced in the 100% recycled production cycle. Research 
question 1 therefore considers this issue by determining the maximum amount of 100% recycled 
LPfL paper that can be consumed in a theoretical commercial premises obtaining its ‘self­
purchased’ paper exclusively from the LPfL cycle whilst returning all its own suitable waste 
paper to the LPfL cycle. In answering this research question, the term '‘maximum LPfL uptake 
scenario balance point * is used to describe the point at which LPfL supply and demand is at 
balance. This analysis is covered in Section 5.2.
Research Question 2: At the theoretical ‘maximum LPfL uptake scenario balance point’, what 
is the theoretical input of virgin paper that enters the LPfL cycle via inputs of ‘other paper 
products’ to the commercial consumer? In answering this question, two further issues can then 
be considered:
- In order to supply this virgin paper, how much virgin pulp, before pulping/papermaking 
losses, would be required if the pulp were to be derived from (a) timber and (b) non­
wood fibre?
- In order to supply this virgin paper, how much (a) timber or (b) non-wood fibre would 
be required, allowing for losses in harvesting, pulping and papermaking.
This analysis is covered in Section 5.3
Research Question 3: By using data presented in Section 4 concerning paper consumption and 
recycling in the U K  and by application of the calculations made in Research question 1, it is 
possible to determine N(avc), the average age (in recycle generations) of waste paper feedstock 
for recycled paper manufacture (Gottsching, 2000). This analysis is covered in Section 5.4, 
where the N(ave) is calculated for the total U K  paper and board production sector, the LPfL cycle 
as it stands now and at the ‘maximum LPfL uptake scenario balance point’, as determined in 
Research Question 1. This is a critical figure for recycled paper manufacture since fibre physical 
characteristics change each time paper is recycled.
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Investigation o f  these three research questions w ill provide a good indication o f  the virgin and 
recycled fibre system  param eters that m ust be m et in order to achieve long-term  sustainability o f 
fibre characteristics and product quality in the LPfL cycle.
5.2. Determination of ‘m a x i m u m  LPfL uptake scenario balance point’ in the LPfL Cycle. 
(Research Question 1)
5.2.1 System Boundary Considerations
In order to assess the proportions o f  virgin and recycled fibres required to achieve theoretical 
sustainability o f the Local Paper for London cycle, it is important to consider not only all the 
losses that occur around the LPfL cycle, but also the virgin fibre losses that w ould be derived in 
upstream  processes associated w ith (a) pulp production and (b) tim ber O R non-wood fibre 
growth, harvesting and processing.
For the purposes o f  the basic paper flow  analysis considered in answering research question 1, 
the system  boundary is initially constricted to ignore virgin fibre yield losses in upstream  
processes. This is because the prim ary aim is to consider the necessary quantity o f virgin paper 
input to an LPfL com m ercial consum er in order to sustain the ‘closed-loop’ LPfL recycling 
cycle. H aving answered that research question, the system  boundary is then extended upstream  
to consider the second research question posed in this section o f  the thesis, nam ely the fibre 
requirem ents associated w ith virgin pulp production and virgin fibre growth, harvesting and 
processing. Figure 5.1 provides an illustration o f  the paper flows in the LPfL cycle, and shows 
the system  boundary used in answering Research Question 1. It also illustrates the two further 
stages o f  upstream  analysis that are undertaken in  Research Q uestion 2 into the virgin 
production cycle.
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5.2.2 The Local Paper Cycle: A  ‘closed-loop’ Recycle Cycle in an ‘open-loop’ Consumption 
System.
In view  o f  the inherent paper losses experienced in the consumption, sorting and re­
m anufacturing stages, the 100% recycled LPfL cycle cannot sustain itse lf as a closed-loop 
system. To m odel the quantities o f  virgin and recycled paper required to m aintain the cycle, it is 
necessary to take a system -wide view  that has paper consumption w ithin a LPfL comm ercial 
prem ises at the centre o f  the analysis. The ‘closed-loop’ LPfL use cycle is overlain by an ‘open- 
loop’ flow o f  ‘other paper inputs’ that enter the system. This is illustrated in  Figure 5.1 where 
the input and output flows through the use phase are mapped. Figure 5.2 shows paper flows 
through the use phase in m ore detail to consider the likely flows o f  paper in and out o f  prem ises 
signed up to the LPfL cycle and provides an indication o f  the m ain paper consum ption 
mechanism s that occur.
In Figure 5.1 w e can see that virgin paper, and thus, virgin fibre is unavoidably introduced into 
the LPfL cycle. This occurs since the LPfL consumer, who has elected for a variety o f 
environm ental reasons to ‘self-purchase’ only u w f P+W  paper that is 100% recycled LPfL, has 
no control over the ‘other paper inputs’ that enter their office. As indicated in Figure 5.1, this 
‘open-loop’ input w ill report to the waste paper stream  collected from the office prem ises. It is 
fair to assum e that the papers that arrive as an ‘open-loop’ input are com prised o f  papers whose 
grade types and production origins (virgin or recycled) fit w ith the current U K  consum ption 
statistics for com m ercial prem ises, as indicated in Tables 4.5 and 4.7. in Section 4.3.4. However, 
no published data sets are available that give the split betw een ‘self-purchased’ and ‘other paper 
inputs’ consum ed in the com m ercial sector, nor that represents this split in term s o f  fractions in 
the waste stream. O f course, this split is likely to depend on the nature o f  the com m ercial 
business. Table 5.1 considers some o f  the key criteria concerning paper input and output flows 
from  com m ercial prem ises. W ithin the com m ercial ‘office’ sector, at w hich the Local Paper for 
London schem e is prim arily focussed, paper input and waste generated w ill depend on the paper 
quantities and paper grades used.
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Figure 5.1 System Wide View of uwf P+W Paper Flows through an LPfL office
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Figure 5.2 Paper Input/Output Model for a Commercial (office) Consumer
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Figures 5.1 and 5.2 show that the proportion of total paper used that can be directed through the 
LPfL cycle is limited by the practicalities of actual paper inputs and outputs of any given 
commercial office.
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Table 5.1 Key Criteria Concerning Actual Paper Inputs & Outputs from a LPfL Office
P A P E R  INPUTS to the office:_______________________________________________________
• The quantity of 100% recycled Local Paper for London paper used in the office can only be
controlled through ‘self-purchased paper stocks’; i.e. the commercial office has a paper 
procurement policy in place that ensures the LPfL product is the only A4 reamed paper product 
purchased by the office.
• Other paper grades ‘self-purchased’ by the user do not constitute a part of the ‘closed-loop’
LPfL cycle. Such papers will vary according to the nature of business of the commercial office 
premises and will include such products as packaging and envelopes, drawing papers and 
facsimile papers etc. It is possible that some of these other ‘self-purchased’ paper grades could 
enter the LPfL cycle as a waste paper input. As explained in Section 11.3.2. any grades of paper 
ejected from the premises for recycling that are not recovered for re-use in the LPfL re­
manufacturing cycle can still be of benefit in terms of energy recovery in the cycle or for use as 
a raw material for a co-product stream out of the LPfL cycle
• All other paper inputs to the office enter from an array of sources and the user has no control on 
paper specification.
• Workers in the office have to be encouraged to separate suitable waste papers for re-use in the 
LPfL cycle and not to dispose of them in any other way.
• A  proportion of office waste paper may in fact be recycled out of the LPfL cycle and delivered 
to alternative recycling systems. This could, for example, include packaging paper grades. Such 
grades are not always collected by waste paper collection companies who are often primarily 
focussed on targeting high quality office waste papers.
• A  proportion of papers utilised in the commercial premises are archived or exported out of the 
system by delivery to other premises.
• Some papers will inevitably end up as an output destined for final waste disposal. The 
proportion of papers sent on this route will depend on a number of issues such as the 
commitment to recycling at policy level in the company and the acceptance of that commitment 
by staff. Other practical issues include the availability of secure space to store recycled paper 
awaiting collection, business locality and the availability of collection companies, concerns 
over document security and costs of collection.
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5.2.3. Key Statistics Applied in the Paper Flow Analysis
For the purposes of the basic analysis conducted here concerning paper flows and fibre 
sustainability in the LPfL cycle, it is important now to reconsider three key statistics that were 
presented in Section 4.:
• Based on an overall assessment of paper consumption in U K  commercial office premises, 
85% of the commercial office waste paper stream is considered to be of the uncoated 
woodfree paper grade and is thus suitable for re-use in the LPfL recoveiy cycle. (NLK 
Associates, 2001; see Table 4.5. Section 4.3.4.)1 
9 15% of the uwf P + W  paper potential waste output of U K  commercial office premises is
deemed irretrievable. (NLK Associates, 2001; see Section 4.3.5). In other words, of the total 
mass of‘paper consumption’, as illustrated in Figure 5.3, 15% is archived, delivered out of 
the office waste paper stream or, as in the case of food containers or tissue, is too 
contaminated to be deemed recyclable.
9 Based on the U K  consumption figures for uncoated woodfree printing and writing paper, 
(Table 4.4. Section 4.3.), 9 %  of all uwf P + W  papers used in the U K  are made of recycled de­
inked pulp. This is an important statistic to consider with respect to the issue of the long-term 
sustainability of the LPfL cycle. If the LPfL project is successful in increasing the proportion 
of recycled paper used in the commercial sector, then, this overall figure will naturally rise. 
For the purposes of this Paper-Flow analysis, we assume the following:
The ‘self-purchased’ paper stock used at commercial premises signed up to the Local 
Paper for London cycle is all 100% recycled LPfL;
All ‘other paper inputs’ to that office are based on the national average statistics for uwf 
P + W  papers such that only 9 %  is of recycled origin with the rest being derived from 
virgin fibre pulp.
- It should be noted that in research question 1, no consideration is made at this point in 
the analysis of this 9 %  portion of the ‘all other paper input’ that is of recycled origin. Its 
origin (virgin or recycled) does not exclude it from being used in the LPfL cycle. 
However, when analysing the issue of the quantity of virgin paper required to sustain the 
LPfL cycle (research question 2, Section 5.3.), this proportion of the ‘all other paper
1 it is possible that other grades commonly associated with office waste could be used in the DIP furnish for 100% 
recycled LPfL. However for the purposes of this study it is assumed that only recovered uwf P+W paper is re-used 
to remanufacture 100% recycled LPfL uwf P+W.
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input’ is considered. This figure is also taken into consideration when determining the 
theoretical age distribution in the LPfL cycle, as developed in research question 3 in 
Section 5.4.
It should also be noted drat for the piuposes of this paper flow analysis, the following statistic is 
not considered: 20% of the total waste paper from U K  commercial office premises is deemed 
uneconomic to recover (NLK Associates, 2001; see Section 4.3.5.) This is ignored in this 
analysis since the purpose here is to determine the sustainability of the Local Paper for London 
cycle in terms of the raw materials available. Waste papers are being collected from commercial 
offices signed up to the LPfL cycle and thus the ‘uneconomic to recover’ criterion does not 
apply-
It is also necessary to consider the following assumptions in order to build the balance point 
model:
5.2.4. Key Assumptions used in the Paper Flow analysis
(a) Recycled Paper Yield Losses in re-manufacture:
• It is assumed that 5 %  of the recovered paper that enters the LPfL recovered paper waste 
stream is rejected and subsequently disposed of via energy from waste or in landfill and is 
therefore lost as a fibre resource to the LPfL cycle. This figure primarily constitutes paper 
which is rejected from the collection cycle, but also includes a small portion for non-paper 
elements attached to office papers such as glues and plastic films etc that are eliminated in 
the sorting stages. (Cathie, 2000. pers. comm.)
• The reported yield in the LPfL re-manufacturing process is 57% (Cathie, 2001). This figure 
represents the losses associated with the conversion of waste paper feedstock to finished de­
inked pulp, which arise from two sources: 60% of the losses (i.e. 26% of the feedstock to the 
process) constitute non-fibre components such as fillers, binders and pigments that are 
ejected as sludge from the DIP process; the remaining 40% (i.e. 17% of the input) is made 
up of fibres lost into the sludge stream as a result of the DIP process (Cleansing Service 
Group. 1999). The fibres lost are those that have become shortened to such an extent that 
they are screened out dining the de-inking and pulp washing stages. Their expulsion is 
necessary since their physical properties are such that they would impair the technical
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specification of the recycled paper output of the re-manufacturing plant (Gottsching, 2000), 
The fibre losses in remanufacture obviously need to be made up by the paper input to the 
production process. The non-fibre component losses are made up by the inclusion of new 
non-fibre material that enters the cycle during the DIP and papermaking process.
(b) The use of Fillers, Binders and Pigments in Recycled and Virgin Paper Production:
° In the calculation to determine the ‘maximum LPfL uptake scenario balance point’ it is 
not necessary to account for the losses and subsequent inputs of the non-fibre 
components of paper production; it is assumed that in both virgin and 100%  recycled uwf 
P + W  papers, the addition of non-fibre components is similar in quantity and can thus be 
ignored. In effect, in the LPfL re-manufacturing process, the non-fibre components of the 
incoming waste paper feedstock are lost in the DIP process sludge; however, the same 
quantity is returned during re-manufacture such that the resultant recycled paper product 
contains the same proportion of organic fibre and non-fibre components as the waste 
paper feedstock. However, the non-fibre inputs and sludge outputs are considered in the 
L C A  analysis of the LPfL cycle, commencing in Section 9, since both flows result in 
environmental impacts. Furthermore, in Section 5.3, research question 2, when analysis 
is made of the upstream virgin fibre inputs, it is necessary to allow for the non-fibre 
components in virgin paper.
(c) Recycled Fibre Age
This issue is ignored in the development of the ‘maximum LPfL uptake scenario balance point’ 
paper-fiow analysis. Section 5.4., considers the average fibre age of recycled pulp in the 100% 
recycled LPfL cycle.
5.2.5. The “maximum LPfL uptake scenario balance point” Analysis
Based on the Key Statistics and Assumptions given in Sections 5.2.3. and 5.2.4., it is possible to 
conduct an analysis of commercial office paper consumption to analyse the proportion of virgin 
fibre that is required to sustain the raw material demands of the 100% recycled LPfL cycle. 
Figure 5.3. shows paper flows in the LPfL system. Here, the in-cycle paper losses and the fibre
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and non-fibre losses associated with LPfL remanufacturing, as detailed in Sections 5.2.3 and
5.2.4. are shown.
The ‘maximum LPfL uptake scenario balance point’ is where: the total 100% recycled LPfL 
demanded by the LPfL office (X) equals the maximum total re-manufactured 100% recycled
LPfL able to be produced from the office waste paper output that enters the LPfL cycle X(LPfL
closed-loop cycle return).
Figure 5.3. Paper-Flow Model for LPfL at the ‘maximum LPfL uptake scenario balance
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Li = 15% of office 100% Recycled LPfL paper throughput which is irretrievable.
L2 = 15% of office ‘Other Paper’ paper throughput which is irretrievable.
L3 = 15% of office ‘Other Paper’ paper throughput not suitable to enter the LPfL cycle.
L4 = 5 %  of waste paper that enters the LPfL recycle system that is lost in sorting and screening. 
L5 = 17% of remanufacturing feedstock lost as degraded fibre.
The loss and reintroduction of non-fibre material in the LPfL production stage is in balance and 
thus can be ignored in the equation.
From the above flow diagram, the ‘maximum LPfL uptake scenario balance point’ is the point at 
which:
X  —  (1- L 4) (1- Ls)Z =  X(LPfL closed-loop cycle return)..............(1)
where Z  =  (1- L 3) (1- L 2)(l-X) +  (1- Li)X
Thus, X =  [(1- L 4) (1- L*)] x [(1- U )  (1- U)(1-X) +  (1- L,)X] (2)
From equation (2), the ‘maximum LPfL uptake scenario balance point’ corresponds to:
X  = 0.633 = X(LPfL closed-loop cycle return)
The ‘maximum LPfL uptake scenario balance point’ is therefore the point at which the demand 
for the 100% recycled LPfL product is at 6331cg out of a total office paper throughput of 1000kg. 
This balance point, is illustrated in the flow diagram shown in Figure 5.4.
Where the losses in the system are:
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Figure 5.4. Paper-Flow at the ‘maximum LPfL uptake scenario balance point’
Basis: 100% (Total) LPfL Office Paper Demand is I tonne of paper 
Balance Point was determined at: 36.7% (367kg) All other paper inputs
63.3% (633kg) 100% recycled LPfL
PAPER-FLOW BALANCE POINT SYSTEM ANALYSIS BOUNDARY
5.2.6. Local Paper for London cycle Sustainability and its Dependency on ‘other paper 
inputs’
It is evident that the sustainability of the LPfL cycle is dependant on ‘other paper inputs’ 
continually entering the cycle. If total consumption of‘self-purchased’ LPfL paper is greater 
than 63.3% of the paper flowing through the LPfL office, the losses throughout the cycle make it 
impossible to meet demand from reprocessing alone. If LPfL demand is below this point, then
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the cycle is clearly able to meet demand. This is demonstrated in Graph 5.1. where a number of 
scenarios, listed in Table 5.2, for the ratio of: X  ‘self-purchased’ 100% recycled LPfL and (1-X ) 
‘Other Paper’ are shown.
Table 5.2. Results for LPfL Paper-Flow Scenarios
Office Paper Throughput Split:
‘self-purchased LPfL’/ ’All other paper inputs’
% o f Total office 
paper demand that 
is ‘self-purchased 
LPfL
% o f Total office 
paper demand that 
can be re-supplied 
via LPfL cycle, 
after system losses
Office Demand 
for LPfL 
SUSTAINED ?
YES/NO
(Scenario 1) 20% LPfL / 80% ’All other Paper’ 20 59.1 Yes
(Scenario 2) 35% LPfL / 65% ’All other Paper’ 35 60 Yes
(Scenario 3) 50% LPfL / 50% ’All other Paper’ 50 62 Yes
(Scenario 4) 65% LPfL / 35% ’All other Paper 65 63 No
(Scenario 5) 80% LPfL / 20% ’All other Paper 80 64.5 No
Graph 5.1. ‘maximum LPfL uptake scenario balance point’
Graph 5.1. shows the theoretical paper-flow balance point; the point at which the LPfL demand 
for ‘self-purchased’ LPfL can be met from the waste paper that is available to the LPfL cycle as 
a waste output from the commercial premises.
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5.3.1. Introduction
Research Question 2 encompasses two upstream analysis stages that consider respectively the 
fibre losses associated with virgin fibre cultivation and harvesting, and pulp and paper 
production. This enables some consideration to be made of the quantity of virgin fibre and pulp 
that is actually required to sustain the actual fibre-flow element of the LPfL cycle. The exercise 
is conducted in two ways in order to consider timber and non-wood virgin fibre production 
systems:
Upstream Virgin Fibre-Flow Analysis. Step 1: Having determined the total quantity of ‘all 
other paper inputs’ required to achieve the theoretical ‘maximum LPfL uptake’ balance 
point, it is possible to determine the quantity of wood fibre or non-wood fibre required as a 
direct input to virgin pulp production to provide the necessaiy virgin paper input to the LPfL 
cycle.
Upstream Virgin Fibre-Flow Analysis. Step 2: Considers the total fibre losses associated 
with (a) virgin timber and (b) non-wood fibre paper production, to estimate the total timber 
or non-wood plant biomass required at the theoretical ‘maximum LPfL uptake’ balance 
point.
5.3.2. Key Assumptions in the Virgin Fibre-FIow Analysis
(a) Virgin Timber and Non-Wood Pulp:
• The manufacture of virgin uncoated woodfree printing and writing paper is carried out by 
chemical pulping technology. The typical pulping yield of finished chemical woodfree pulp 
from prepared pulping timber or non-wood fibre is circa 65% (Ward, 2002).
• With respect to forest management and harvesting practices in the analysis of paper derived 
from timber pulp, two circumstances are considered. The first assessment considers what is 
described as the ‘best-case’ scenario. This relates to fibre yield from timber extraction; the 
best-case scenario is considered to be from plantation forestry of eucalyptus globulus. Based
5.3. Virgin Fibre Input to Supply the LPfL cycle at the ‘maximum LPfL uptake scenario
balance point’. (Research Question 2)
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on data from ( W W F  2002), an average of 2.3 tonnes of timber must be extracted from the 
forest to produce a tonne of pulp for uwf P + W  paper production, allowing for fibre losses in 
harvesting, processing and pulping. The ‘worst-case’ scenario used here is from natural 
regeneration hardwood forest, which requires typically twice the extracted biomass 
compared to extraction from plantation forestry of eucalyptus globulus; i.e. 4.6 tonnes of 
timber to supply 1 tonne of virgin pulp for uwf P + W  paper production ( W W F  2002).
9 For paper derived from non-wood pulp, it is necessary to extract an average of 4 tonnes of 
harvested non-wood biomass from the field to supply 1 tonne of suitable non-wood fibre for 
uwf P + W  paper production (Riddlestone, 2002). Thus, after the pulp conversion loss of 65%, 
the required quantity of non-wood biomass to supply 1 tonne of pulp is 6.15 tonnes.
(b) Fillers, Binders and Pigments in Virgin Paper Production:
As mentioned in Section 5.2.4, it is also necessaiy to consider the quantities of non-fibre 
components that contribute to the manufacture of virgin uwf P + W  paper. Preparation of the pulp 
feedstock for papermaking involves the mixing of fibrous material with non-fibre materials such 
as clay fillers, starch binders and pigments. The quantities of these components vaiy according 
to paper grades and indeed within a specific paper grade depending upon the desired paper 
specification. In this analysis, a figure of 26% non-fibre content is applied for virgin uwf P + W  
paper, which is a representative estimate for this grade (Cathie, 2001b). Thus, in one tonne of 
virgin uwf P + W  paper the approximate fibre content is 740kg.
5.3.3. Virgin Fibre Requirements.
The analysis in Section 5.2.7 shows that, per tonne of paper passing through a LPfL office, 
376kg arises from sources other than LPfL. Of this, 85% (i.e. 312kg) is uwf P + W  paper suitable 
for the production of LPfL. Assuming this portion of uwf P + W  paper corresponds to the national 
average, 91% (i.e. 284kg) is virgin paper. Virgin uwf P + W  paper contains typically 74% fibre so 
that 284kg of virgin paper contains 210kg of fibre. This is the exogenous input of virgin fibre at 
the LPfL “balance point”.
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5.3.4. Upstream Virgin Fibre-Flow Analysis Step 1: Pulp Requirement.
Consider fibre from three available sources for uwf P + W  paper: the ‘best-case’ timber scenario,
i.e. eucalyptus plantation; the ‘worst-case’ timber scenario, i.e. natural regeneration hardwood 
forest and non-wood biomass. If the efficiency of pulp production; n, is 65%, then biomass 
containing 210/ n is required to supply the fibre for pulp production. Hence, for all biomass 
sources considered, 323kg is required as a production input to the pulping plant to produce the 
virgin paper entering the LPfL cycle.
5.3.5. Upstream Virgin Fibre-Flow Analysis Step 2: Primary Biomass Requirement:
Assuming the same three fibre sources, if m  tonnes of extracted biomass is needed to give 1 
tonne of finished pulp, then m  x 0.210 tonnes of primary biomass is required from each source 
at the ‘maximum LPfL uptake balance point’. The resulting values are given in Table 5.3.
Table 5.3. Primary Biomass Requirement at the ‘maxi m u m  LPfL uptake balance point5
Biomass Source m kg. of primary biomass required from the source for the 
virgin pulp required at the ‘maximum LPfL uptake balance 
point’ (m x 210)
Eucalyptus plantation 2.3 483
Natural Regeneration 
Hardwood Forest
4.6
966
Non-Wood Fibre 
(Hemp or Flax)
6.15 1290
Note 1: In this basic analysis no consideration has been made of the possible co-product and energy recovery streams that could 
result from biomass harvest scenarios for virgin paper.
Note 2: This virgin non-wood Fibre analysis could also be conducted for cereal straw or other non-wood fibres suitable for uwf 
P+W paper production.
Having calculated these two upstream virgin fibre analyses it is now possible to revisit the LPfL 
Paper-Flow in Figure 5.5. to show the upstream effects of yield losses in virgin timber 
extraction, non-wood harvesting and pulp production in order to supply the fibre required to 
sustain the LPfL cycle at the ‘maximum LPfL uptake balance point’.
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Figure 5.5 Fibre-flow (showing upstream virgin fibre demands at the ‘maximum LPfL 
uptake scenario balance point’
Basis: 100% (Total) LPfL Office Paper Demand is 1 tonne of paper
Balance Point was determined at: 36.7% (367kg) All other paper inputs
63.3% (633kg) 100% recycled LPfL
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Non-wood fibre:
1.29 tonnes virgin non-woodfibre (Hemp: cannabis sativa or Flax: 
linum usitatissimum
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5.3.6. Virgin Timber and Pulp Requirements in the Manufacture of Virgin Paper
Assuming that 1 tonne of virgin paper contains 740 kg of virgin fibre and 260kg of non-fibre 
components, using the same yield losses for primary biomass conversion to fibre for pulp, and 
pulp production for papermaking, the theoretical upstream virgin fibre requirements can be 
determined for the manufacture of 100% virgin uwf P + W  paper.
Table 5.4. Primary Biomass Requirements in the Manufacture of Virgin Paper
Biomass Source m kg. of primary biomass required from the source for the 
virgin pulp required to produce 1 tonne of virgin uwf P + W  
paper (m x 740)
Eucalyptus plantation 2.3 1,700
Natural Regeneration 
Hardwood Forest 4.6 3,400
Non-Wood Fibre 
(Hemp or Flax)
6.15 4,550
where m  tonnes of extracted biomass is needed to give 1 tonne of finished pulp
Note 1: In this basic analysis no consideration has been made of the possible co-product and energy recovery streams that could 
result from biomass harvest scenarios for virgin paper.
Note 2: This virgin non-wood fibre analysis could also be conducted for cereal straw or other non-wood fibres suitable for uwf 
P+W paper production.
5.3.7. Virgin fibre Savings Resulting from the 100% Recycled LPfL cycle
Having considered the upstream virgin inputs required to sustain the LPfL cycle, it is possible to 
compare the LPfL cycle with 100% virgin paper production and hence to estimate the reduction 
in virgin fibre requirements.
Table 5. 5 Primary Biomass requirements (kgs) for virgin paper and the LPfL cycle
Plantation
Forestry: 
Eucalyptus globus
Natural
Regeneration
Forestry
Non-wood crops
Virgin Primary Biomass 
required:
100% Virgin Paper 1,700 3,400 4,550
LPfL cycle at balance point 483 966 1,290
Reduction in virgin wood 
requirement per functional unit 1,217 2434 3,260
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Further consideration of these potential virgin fibre resource savings attributable to the LPfL 
cycle will be made in Section 6, where global timber sustainability issues are considered and 
Section 12, where LCA-based comparative assessment conclusions are drawn between the LPfL 
production cycle and virgin uwf P + W  paper production.
5.4. Recycled Fibre Degradation: ( Research Question 3)
5.4.1 Introduction
Changes in the physical characteristics of fibres when they are re-pulped vary greatly depending 
on the timber pulp origin, the original pulping procedure used in the virgin pulp manufacturing 
stage, and on the subsequent recycled production processes (Gottsching, &  Hunold, 1993). With 
respect to the LPfL cycle, the key considerations with respect to fibre qualities and degradation 
are:
(a) Physical characteristics of fibres
As mentioned in Section 2, the manufacture of virgin uwf P + W  papers involves chemical 
pulping production. It is well documented that the physical properties of chemical pulped fibres 
are affected by hornification (Jayme, 1944). This phenomenon, which results in a loss in dried 
chemical pulp of fibre bonding strength, occurs as a result of increased bonding between 
lamellea of parts of the fibre walls in the pulp. As a result of hornification, recycled chemical 
pulp becomes more brittle (Howard, 1995). It is in the process of diying a chemical pulp that the 
bonding of fibre lamellea occurs. Each time re-wetting occurs (i.e. re-pulping during recycled 
pulp manufacture), fibres open up (de-laminate) but their ability to do so has been impaired 
slightly. Other physical changes occur during the re-pulping process affecting characteristics 
such as fibre length, fibre density and tear strength and brightness. The understanding of these 
physical changes and developments in modern R C F  pulping technologies and pulping chemicals 
has resulted in increased control of these key physical characteristics affecting DIP production. 
Nonetheless, it is fibre degradation associated with these characteristics which governs the long­
term viability of reusing waste paper as a feedstock for recycled paper manufacture.
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(b) The number of times that waste paper is reintroduced into recycled pulp manufacture in the 
LPfL cycle.
Having determined the split between ‘other paper inputs’ and ‘self-purchased LPfL paper’ at the 
‘maximum LPfL uptake scenario balance point’ it is now possible to move on to consider the 
third research question posed in Section 5, namely to calculate the theoretical fibre age 
distribution of waste paper used for the remanufacture of 100% LPfL uwf P + W  paper.
If physical properties alter each time that waste paper is re-pulped, then it is clear that a critical 
parameter is the figure for N(ave), which describes the average age (in recycle generations) of 
waste paper feedstock for recycled paper manufacture. It is not practically feasible to analyse the 
age of fibre generations appearing as feedstock for recycled paper manufacture by any 
laboratory test method. It is therefore necessary to consider the theoretical age distribution by 
application of a mathematical model. Gottsching &  Hunold first developed this analytical 
approach (Gottsching &  Hunold, 1993) and this work is now applied to consider age distribution 
issues and their possible effects in the LPfL cycle.
5.4.2. Fibre Age Distribution in Recycled Pulp Furnish
Two key statistical criteria govern the N(ave), measured in generations of fibre in waste paper 
feedstock. These are, the recovery rate for waste paper and the utilisation rate of that waste paper 
as feedstock in remanufacture. The calculation of N(ave) can be conducted using national average 
figures for recovery and utilisation rates in order to consider the theoretical age generation of all 
recycled papers. Such a statistic is useful in considering just how far the use of recycled paper 
could be incorporated into national recycled paper manufacture before problems with fibre age 
might be experienced. N(ave) can also of course be used to consider fibre age issues at the paper 
grade or even at the recycled paper plant- specific level. It is beyond the remit of this thesis to 
consider the complex and compound effects on the physical and chemical characteristics of pulp 
fibres due to repeated recycling and the re-manufacture of uncoated woodfree printing and 
writing papers. However, it is important at this stage to consider the current recovery and 
utilisation rates for uwf P + W  paper in the UK. This is necessary in order to determine:
• the current theoretical N(ave) in the production of the 100% recycled LPfL product.
9 the theoretical N(ave) in the LPfL cycle at the theoretical sustainable balance point 
determined in Section 5.2.5.
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Development of these two figures will provide an indication of whether the increases in the 
recovery and utilisation rates in the LPfL cycle, when projected to the maximum LPfL uptake 
scenario, introduce a problem due to degradation of the physical characteristics of the finished 
LPfL product.
5.4.3. Determination of N(ave) in the LPfL cycle
The average number of generations describing a recycled fibre age structure is given as:
0 s; a b < 1 Where N(ave) is the number of fibre generations.
N(ave) = a *
a is the recovered paper utilization rate
1 — (a x b)
b is the proportion of previously recycled fibre 
in the paper pulp furnish
Note: paper generations are described thus: 
GO = virgin paper production 
- GI = original virgin paper first recycled 
(Gottsching &  Hunold, 1993) - G2 = recycled paper made from GI stock
G3 = recycled paper made from G2 stock
If b = 09 then this means that the recovered paper stock, from which a recycled paper is now 
going to be made, consists entirely of GO virgin recovered paper.
If b - 0.25, then the recovered paper stock, from which a recycled paper is now going to be 
made, consists of 75% G O  virgin recovered paper and 25% recovered paper stock from any 
other paper generation, i.e. G1+
If b — /, then this represents a newly produced paper whose recovered paper stock consists 
entirely of recycled fibres belonging to G1+ generations
The meaning for b can also be usefully expressed in the following way: if b is equal to the 
proportion of previously recycled paper used to produce a new recycled paper, then (1 -b) 
equals the proportion of first-time recycled paper used to produce a new recycled paper.
As Graph 5.2. shows, a recycling system that has only G1+ recovered paper stock for recycled 
paper production at its disposal (as represented by curve b = 1) would begin to experience 
quality problems when the recovered paper utilisation rate (a) exceeds 75% for example. This 
would be due to the increasing average age N(ave) of the recycled fibres used as recycled paper
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stock (Gottsching, 2000). In this scenario, the rate of rise in N(ave) is accelerating such that any 
further relatively small increase takes the figure for N(ave) to 4+. At such a high level, key 
physical properties of the recycled paper will begin to diminish and affect quality 
(Gottsching, 2000).
Graph 5.2. Theoretical N(ave) Age Distributions of Various Recycling Scenarios
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Note: the points Xi to X 4 shown on Graph 5.2. relate to specific N(ave) fibre age profiles 
presented in Sections 5.4.4. and 5.4.5.
5.4.4. N(ave) in U K  Paper Production and the LPfL cycle
In order to determine the recycled fibre age for the total U K  papermaking production sector and 
the LPfL cycle in particular, it is important to consider current statistics for recycled paper 
utilisation and consumption rates in the U K  and in the LPfL cycle.
For total U K  paper and board consumption (including home production and pulp/paper imports), 
as explained in Section 4.2.4, circa 36% is of recycled origin.
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With respect to the LPfL cycle, having derived the ‘maximum LPfL uptake scenario balance 
point’, it is now possible to determine the theoretical split between the virgin and recycled paper 
that enters the LPfL re-manufacture cycle as post-consumer waste. This figure is derived in the 
following way:
Figure 5.4 shows that of the 803kg of paper leaving the office and available to the LPfL 
remanufacturing cycle, 538kg is 100% recycled and ‘self purchased’ LPfL. Thus, the remainder, 
2651cg arrives from the ‘all other paper’ throughput. Based on the key statistics applied in the 
Paper Flow analysis (Section 5.2.3.), the origin for all ‘other paper inputs’ complies with the 
national average statistics for uwf P + W  papers such that only 9 %  is of recycled origin with the 
rest being derived from virgin pulp. Thus, only 24kg of the 265kg of ‘all other paper’ inputs to 
the LPfL cycle are considered to be of recycled origin. Therefore, 562kg of the 803kg recovered 
into the LPfL cycle is waste paper of recycled origin. The remainder, 241kg, is of virgin origin. 
Expressed in percentage terms this means that the portion of LPfL re-manufacture cycle 
feedstock that is waste paper of recycled origin is 70%. The portion of LPfL re-manufacture 
cycle feedstock that is waste paper of virgin origin is therefore 30%. For calculations, see 
Appendix 2.1.
By application of these statistics it is possible to determine N(ave) for the following scenarios:
1. The total current U K  paper and board production sector.
2. The current U K  uwf P + W  paper production sector, assuming that all paper consumers 
actually purchase this paper grade according to the U K  sector breakdown for uwf 
P + W  paper. In other words, 9 %  of paper purchased and consumed is recycled and the 
remainder is virgin.
3. The ‘closed-loop’ LPfL cycle for commercial consumers, at the ‘theoretical’ paper- 
flow balance point with all paper supplied to the repulping mill derived from used 
paper from LPfL offices.
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As shown in Section 5.4.3, the formulae to determine N(ave) is:
N(ave) = ---- ----- < 0
1 - (a x b) 
(Gottsching, &  Hunold, 1993)
Table 5.6. N(ave) Results.
Scenario a b N(ave) Position on 
Graph 5.2
total current U K  paper and board production sector
0.74 0.36 1.0 Xi
current U K  production of 100% recycled uncoated 
woodfree printing and writing paper
1.0 0.09 1.1 x 2
LPfL cycle at the theoretical ‘maximum LPfL uptake 
scenario balance point’
(63.3% ‘self-purchased’: 36.7% ‘other paper inputs’ 1.0 0.70 3.3 x 3
LPfL cycle with 50% waste paper used in production 
at the theoretical ‘maximum LPfL uptake scenario 
balance point’, and 50% corresponding to U K  uwf 
P + W  paper figures for virgin/recycled content, i.e. 
9 %  recycled/91 %  virgin 
(See section 5.4.5.) 1.0 0.395 1.65 x 4
From Table 5.6. we are able to make the following observations:
With respect to the total U K  production of all paper and board, despite a high recovered paper 
utilisation rate of a = 0.74, because circa 64% of the recycled fibre feedstock is of virgin paper 
origin, (hence b - 0.36), the average fibre age is low atN(ave)= 1.0 generations
The analysis of N(ave) for U K  production of 100% recycled uwf P + W  paper is effectively 
modeling the current situation experienced at the LPfL production facility. With the LPfL cycle 
at an early stage of development, and with limited consumer uptake, most of the feedstock to the 
recycled papermaking facility is derived from waste papers that one must assume correlate with 
the U K  statistical split for virgin and recycled paper origin. Therefore, in this analysis, despite a 
maximum recovered paper utilisation rate of a = 1, because a veiy high proportion of the waste 
paper used in the cycle is of virgin origin, (hence b = 0.09), the average fibre age remains low at 
N(ave) = 1.1 generations.
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At the ‘maximum LPfL uptake scenario’, and where all waste paper used at the recycling mill 
comes from the LPfL cycle, the estimated figure for N(ave) of 3.3 is at a point on the age curve 
shown on Graph 5.2 where a relatively small rise in the recovered paper utilisation rate (a) 
would result in a pronounced increase in N(ave).
5.4.5. Conclusions Regarding Age of Recycled Fibre in the LPfL cycle 
Fibre physical characteristics:
At the 'theoretical maximum uptake balance point' for local paper consumption in the closed 
loop cycle, the average age of fibre entering the DIP pulp furnish for remanufacture is 3.3 
generations. With respect to key fibre physical characteristics for 100% recycled uncoated 
woodfree paper for use as A4 office paper, this average fibre age should not present a problem.
A  primary issue to consider as average fibre age increases is fibre strength loss and uwf P + W  
paper is one of the grades least sensitive to this issue. In the use phase, such office paper, cut 
into A4 sheets, endures little physical stress; at worst, it must survive use in photocopier or 
printing equipment, where relatively little physical stress occurs. In comparison, magazine 
papers require a greater intrinsic strength in order to withstand processing on high-speed printing 
presses. A n  average fibre age of 3.3 in the Local Paper cycle should thus be theoretically 
acceptable from a physical characteristic perspective. Presented with such a fibre age profile, the 
acceptability could be further improved by judicious selection of screening equipment and by 
optimising the refining of the fibre in the papermill. However, it must be noted that such an 
increase in age will directly affect the useful fibre yield from waste paper entering the DIP 
process. This will have an effect (a) on the economic viability of the papermaking process and
(b) on the associated environmental impacts of the Local Paper cycle as more DIP sludge is 
generated per tonne of finished product output. (Bradley, 2002. pers. comm.). Gottsching also 
points out that there is no declared upper tolerance figure for N(ave); if there were an upper limit, 
it would be affected by individual physical and chemical parameters of the recycled pulp and the 
use to which the paper is put. Primary physical limiting factors for uwf P + W  also include 
optical properties such as brightness, shade and opacity. The number of specs per sheet area (dirt 
and/or stickies) (tacky particles) are also limiting factors. The upper limit of the number of 
recycling loops which is acceptable without causing significant deterioration of the paper quality 
can in reality only be assessed by the principle of trial-and-error on a commercial scale
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(Gottsching, 2002a. pers. comm.). The issue of DIP yield as fibre age generation increases is 
raised in Appendix 1: Recommendations for further research, R .l.
Practical realities of fibre age in the LPfL cycle:
In view of the existing low uptake of consumers committed to the LPfL cycle, recycled fibre 
degradation is not a problem. If uptake were such that the entire feedstock of the LPfL re­
manufacturing process were supplied by LPfL office consumers, then the critical issue to 
consider is the likely consumption ratio for LPfL consumers between ‘self-purchased 100% 
recycled LPfL and ‘all other paper inputs’. As mentioned in Section 5.2.2., no such data 
currently exists for average office consumption in the UK and it is therefore impossible to take 
this research further than the representation of the current situation and the projected ‘maximum 
LPfL uptake analysis’. However, the methodology applied herein could be used in further 
research if such data were made available. It is also important to consider that in this simple 
analysis, the UK average figure of 9% has been applied to ‘all other paper inputs’. In reality, it is 
likely that if  the LPfL cycle were to become widely adopted by offices in the London and the 
South-east region, then the percentage of 100% recycled paper encountered in the ‘all other 
paper input’ to commercial offices would rise. Modeling such a scenario would again require 
extensive analysis and is beyond the scope of this study. The direction that such research should 
take is also cited as a recommendation for further research in Appendix 1: Recommendations for 
further research, R .l.
What has been observed is that the calculated N(ave) for the ‘maximum LPfL uptake analysis’ is 
entering the range in the average fibre age curve, as shown in Graph 5.2., where further 
increases in b (the proportion of previously recycled fibre in the paper pulp furnish) result in 
rapid increases in average fibre age. Whilst the figure of N (ave) =  3 .3  would appear to be 
acceptable with respect to physical fibre characteristics, it is approaching a point at which 
concerns regarding the technical and/or economic characteristics of the LPfL product could 
begin to emerge.
When considering this theoretical analysis of N (a v e) in the LPfL cycle, the following issues must 
also be considered. As illustrated in Section 5.2.2., it is an unavoidable fact that it is impossible 
for a LPfL commercial consumer to control the origins of the ‘other paper inputs’ into its 
operation. One has therefore to assume that the composition of ‘other paper inputs’ is the UK 
average composition for uwf P+W papers. The high virgin content assists in maintaining the
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N (ave) of the re-manufactured LPfL product at a relatively low level. Almost ironically therefore, 
it is this portion of paper consumption in the LPfL cycle that actually enables the cycle to be 
sustained. In other words, if all paper consumed by an LPfL commercial consumer was ‘self 
purchased’ and/or of 100% recycled origin, then, by virtue of the losses incurred through 
archiving, unavoidable disposal as final waste and inherent losses in the recycling and re­
manufacturing process, it would be impossible to sustain the LPfL cycle due to the constantly 
diminished return encountered through each ‘closed-loop’ recycle and the increase in N (ave) of 
the re-manufactured paper product.
It must also be appreciated that the calculated ‘maximum LPfL uptake balance point ’ is never 
likely to describe the fibre feedstock in the reprocessing phase of the LPfL cycle because of the 
following commercial realities:
- Commercial waste paper collection companies are not going to commit to collect solely from 
companies involved in the LPfL cycle.
Since the UK composition of uwf P+W paper is currently at 91% virgin origin, 9% recycled 
origin, it must be assumed that other collections made in the LPfL catchment area have this 
average composition..
- The manufacturer of LPfL will continue to sell its re-manufactured 100% recycled uwf P+W 
product out of the LPfL cycle via national and international distribution mechanisms. As a 
result, the LPfL cycle will remain a ‘closed-loop’ recycling system (based around committed 
LPfL consumers) set within the wider context of an ‘open-loop’ recycled paper 
manufacturing and supply system.
All of these practical issues will mean the waste paper returned to the LPfL re-manufacturing 
process will be certain to maintain an appreciably higher content of waste paper of virgin origin 
than that suggested by the ‘maximum LPfL uptake’ scenario. Even if the total waste paper 
feedstock to the re-manufacturing process comprised a generous figure of 50% of papers from 
LPfL consumers at the ‘maximum uptake balance point’, this would result in the following 
N (ave) statistic where:
50% of the feedstock to the LPfL production facility originates from commercial consumers 
operating at the ‘maximum LPfL uptake’ scenario, i.e. as shown in Section 5.4.4., 70% of 
their collected waste paper is of recycled origin and the remaining 30% of virgin origin.
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50% of the feedstock to the LPfL production facility originates from waste papers derived 
from elsewhere and are assumed to be comprised of uwf P+W papers corresponding to the 
UK national figures for virgin/recycled content, i.e. 9% of recycled origin and 91% virgin 
origin.
The combined total feedstock for this scenario would be comprised of 60.5% virgin and 39.5% 
recycled paper. Therefore, under these circumstances, as shown in Table 5.6. and by X4 on 
Graph 5.2,, a, (the recycled paper utilisation rate in the production of 100% recycled LPfL) 
would equal 1.0, and because 60.5% of the recycled fibre feedstock is of virgin paper origin, b 
is equal to 0.395. The resultant N (ave) would equal 1.65 and such a fibre age distribution should 
not result in any losses of finished recycled paper quality (Gottsching, 2000; p398)
5.5 Fibre-flow, Virgin Fibre Sources and the Long-TermViability of LPfL
It is clear from the analyses conducted in this section that virgin paper input is indeed essential 
to maintain the LPfL ‘closed-loop’ cycle. In view of the high utilisation rate of recovered paper 
in UK papermaking across all grades, a high virgin fibre content is necessaiy to ensure that the 
UK-wide N (ave) figure remains at an acceptably low level. From the bioregional viewpoint it is 
important to encourage options for virgin fibre inputs that are derived from UK- based fibre 
sources. The following mechanisms would need to be developed to meet virgin fibre 
requirements in the LPfL cycle and thus the wider needs for virgin fibre input to the UK 
papermaking industiy:
- Seek to develop a wider range of LPfL products in the uwf P+W sector, beyond the single 
100% recycled grade. Investigations are being made (via the MiniMill pulping project 
reported in Section 3.) to produce a part virgin -  part recycled LPfL uwf P+W paper product 
(Riddlestone, 1998).
Possibilities exist to develop virgin fibre feedstock from non-wood fibres grown in the UK. 
Hemp (Cannabis sativa) and Flax (Linium nsitatissimum) are both non-wood fibre crops 
whose fibre qualities make them suitable for application in the manufacture of uwf P+W 
papers. Cereal straw, which, unlike flax and hemp, is a co-product of food production, also 
has the necessaiy fibre qualities to manufacture uwf P+W papers (Riddlestone, 1998).
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- As reafforestation programmes over the past two decades in the UK, particularly in Scotland, 
have made more timber available for papermaking, the applicability of this virgin fibre 
resource for the production of the uwf P+W LPfL product also needs to be considered 
(Riddlestone, 1998).
5.6. Concluding Comments Concerning Upstream Virgin Fibre Requirements in LPfL 
cycle.
In Section 5.3, basic fibre flow analyses have been conducted to determine the theoretical virgin 
fibre requirements at the ‘maximum LPfL uptake scenario balance point’ and the upstream 
demands on the fibre supply systems to supply the virgin fibre.
In considering the theoretical upstream virgin fibre requirements, analysis has been conducted 
for wood and non-wood fibre supplies. One can see that the harvested quantities of wood fibre 
and non-wood fibre can differ greatly. With respect to timber harvesting, variation in timber 
yield occurs due to the type of forestry management regime being practiced. Wastage from fast- 
growing eucalyptus crops specifically designed for wood-chip production is kept to a minimum, 
whereas harvesting from natural regeneration hardwood forest (cited here as the ‘worst-case’ 
scenario) results in lower yield figures for paper production. It is likely in the eucalyptus 
plantation scenario that 100% of the timber stock would be dedicated to wood-chip production, 
with any residues unfit for paper/board production used as a renewable energy source in the 
pulp/papermaking process. In the natural regeneration hardwood forest scenario, one must 
consider allocation issues when considering the yield figures. In many circumstances, from such 
a silvicultural system, woodchip for paper production will be only one product stream from the 
harvested timber; the other key product streams will be construction timbers. Furthermore, the 
residual biomass may be used for renewable energy generation. Further discussion of 
environmental impacts associated with virgin timber production is given in Section 6.
In considering non-wood fibre upstream requirements, the fibre yield ratio for harvested fibre to 
finished paper product is high - higher in fact than the worst-case scenario for timber (wood- 
fibre) yield. With respect to the analysis conducted here, not all of the fibrous plant material is 
utilised for paper production. Only the long ‘bast’ stem fibres are used and the yield for bast 
fibre from the whole plant is typically 20 to 25% (Wong, 1997). Whilst this yield is low for 
papermaking, usable co-product streams are available from the non-wood harvest. Hemp and
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flax seed both yield oils with applications in the health food and cosmetics industries. Hemp 
residues can also be pelletised for animal fodder. Alternative applications of the bast fibres from 
these crops also include fibreboard and moulded products, textiles/fabrics, animal bedding and 
energy production.
As mentioned in the Section 3, the specific purpose of this research is to assess the 
environmental impact and improvement strategies possible in the 100% recycled ‘closed-loop’ 
LPfL cycle. In introducing that concept it has been necessary to consider and justify the 
practicality of that cycle, including consideration of the virgin fibre requirements necessaiy to 
sustain the cycle. The original analysis in this Section has contributed to BioRegional’s research 
objectives by considering previously unanswered questions concerning the sustainability of the 
LPfL cycle with respect to fibre-flow and the virgin inputs needed. It is however beyond the 
remit of this thesis to take the research questions posed in Section 5 any further. It is recognised 
that significantly more research is necessaiy to fully develop the analyses of both recycled fibre 
age distribution in the LPfL cycle and upstream virgin fibre demands and their associated 
environmental impacts.
5.7. The LPfL cycle and Fibre Flow Sustainability.
In considering the sustainability of the LPfL cycle (or indeed any cycle with a heavy reliance on 
recycled material), it is important to appreciate that waste (paper) is not a fiilly sustainable raw 
material base. Recycled fibres and virgin fibres serve as two elements of the same sustainable 
cycle; virgin fibre input is needed to top up the system and to maintain the performance and the 
quality of paper products. This represents an example of Industrial Ecology, where material 
flows link to ensure that material cascades through different uses so that final waste outputs can 
be kept to a minimum. A model of Industrial Ecology is shown in Figure 5.6. It is interesting to 
look at Figure 5.6. and connect it to Figure 4.3 to see how the principle of Industrial Ecology is 
employed intersectorally in the papermaking industiy such that recycled (waste) papers have a 
cascade of uses. The aim of a concept such as LPfL is to improve the efficiency of this Industrial 
Ecology approach such that less waste for final disposal occurs and use is made of local recycled 
material for re-manufacturing processes up to the maximum tolerable collection and utilisation 
rates.
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Figure 5.6. A decision-support framework for material recovery, recycling and cascaded 
use.
RESOURCE
USE 3 
etc.
Clift, et al., (2002).
If the Local Paper for London cycle becomes successful and markedly increases its market 
penetration, then, as with any recycled manufacturing system with high utilisation and recovery 
rates, the amount and age (in terms of the number of times it has previously been reused) of 
recycled material in the cycle will reach levels which can cause problems in remanufacturing. 
Currently the average age of fibre in the Local Paper for London cycle does not present a 
manufacturing problem. It is also interesting to note that the average age of recycled pulp furnish 
is not a problem in countries where recovery and utilisation rates are significantly higher than 
the UK. Gottsching cites the current case in Germany to show that with advanced industrial
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ecology approaches, widespread recycling initiatives and high collection/utilisation rates, fibre 
age still causes no problems in recycled paper remanufacture (Gottsching, 2000). It is impossible 
to imagine that the LPfL cycle would ever reach a state where the entire production cycle were 
operating at the maximum uptake scenario as developed here; there are clear 
commercial/practical constraints to this happening. The reassuring news from the results given 
in the section examining average fibre age is that at the utopian ‘maximum uptake balance point’ 
for LPfL use in commercial premises, N(ave) is still not at a point that causes concern over the 
properties of fibre in 100% recycled uwf P+W paper.
Without practical data concerning the split between ‘self-procured’ and ‘all other paper inputs’ 
for offices in general compared with those engaged in the LPfL cycle, it is impossible to derive 
any further conclusions from this avenue of research. Intuitively one can appreciate that if LPfL 
took off significantly it would begin to affect the percentage of recycled content in uwf P+W 
papers available in the LPfL waste collection zone. As a result, the portion of ‘all other papers’ 
that are of recycled origin would rise and this in turn would mean that the virgin feedstock 
portion would drop further.
The research questions raised in Section 5 reveal the need for further research into recycled 
paper uptake and its effect on the average age of fibres both within the LPfL grade and in the 
overall UK production of recycled paper. Currently a very low proportion of (high fibre value 
and high virgin content) office papers are recycled in the UK. The current industry position is 
that virgin fibre must of course enter the UK paper cycle and its entry is preferable at the 
production of a grade such as uwf P+W paper where virgin fibre properties are most applicable. 
This paper can then be ‘down-cycled’ into lower grades. This was illustrated in Figure 4.3; one 
obvious purpose behind this preference is to maintain low fibre age across entire UK recycled 
paper production. This is a fine ideology in principle, but this valuable paper resource clearly 
must be recovered in the first place in order for the idea to work! Hence, whilst a concept such 
as Local Paper for London promotes the use of recycled fibre in a grade where virgin fibre is 
often preferred, the LPfL cycle does support the recovery of office grade paper to re-introduce 
its inherent virgin content back into UK paper production. The N(avC) estimates developed here 
show that the recoveiy and utilisation rates for this grade have a very long way to go before any 
physical problems might arise in recycled uwf P+W paper production and UK recycled 
paper/board production in general.
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SECTION SIX
Local Paper for London’s Potential Role in Offsetting Forest Impacts from
Virgin Paper Production
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6. Local Paper for London’s Potential Role in Offsetting Forest Impacts from Virgin 
Paper Production
This section considers the environmental and ecological issues that the Local Paper project sets 
out to address by reducing the demand in the UK for virgin uwf P+W papers. Sections 6.1. to
6.6. cover general issues in forestry and the pressures on forests from global paper production. 
Sections 6.7. to 6.10. look specifically at forest demands due to the production of uwf P+W 
papers.
6.1. Overview of Fibre Supplies to the Paper Industry.
On a global scale, virgin wood fibre remains the most important input to paper production, with 
wood sources currently supplying 55% of the total fibre for paper manufacture. Recycled fibre 
now contributes 38% of total fibre supply. The volume of paper recovered worldwide has more 
than tripled between 1975 and 1997, rising from 35 million to nearly 110 million tonnes per 
annum. The remaining 7% of fibre demand is met by non-wood fibres, including wheat/rice 
straw (waste fibres from food) and bagasse, hemp, cotton (fibre crops) (Worldwatch Institute,
2001). Although the increasing use of recycled fibre for papermaking has slowed the growth in 
the demand for wood fibre, it has served more as a supplement than a substitute for wood fibre: 
global paper consumption has been increasing so rapidly that it has overwhelmed the gains 
made in recycling. As a result, despite the fact that recycling has increased sevenfold since 1961 
and its share of the fibre supply for paper has nearly doubled in the same timeframe, the 
volumes of virgin wood paper and total paper consumed and total waste paper unrecycled all 
continue to rise (Worldwatch Institute, 2001).
6.2. Paper Demand and Wood Resource Sustainability
In 1999 the global demand for paper and board was 316 million tonnes and in that year alone 
production output increased by 4.6%. Such increases had in fact been consistent over the 
previous two decades with the U.S. paper manufacturing sector reporting export growth of 40% 
between 1980 and 1993 (Harper & Sellen, 2001). In the UK, paper and board consumption
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between 1986 and 1996 rose from 8.7 to 11.5 million tonnes (Taylor, 2001). Since 1980, total 
global paper consumption has increased by 75%. Perhaps more significantly for this study, 
global consumption of all printing and writing paper has risen by 1 1 2 % over the same 
timeframe.
Over the last three decades the average annual growth in consumption of all paper throughout 
developed countries has been at 2.3%. Over the same time period, growth in demand in the 
developing nations has been at 5.8% (PPI, 1995). These figures are significant for the future 
availability of timber resources when one considers that in 1997, developing countries had an 
average per capita consumption of 18kg, whilst the per capita average consumption in 
developed nations was 160kg (Worldwatch Institute, 2001). There is a strong correlation 
between paper consumption and economic development. Therefore, as regions of the developing 
world with large populations such as China rapidly develop, global paper consumption 
predictions show rapid growth. It is anticipated that by 2010 global annual paper consumption 
will have risen from present levels by 34% to over 400 million tonnes.
Over the past three decades, the timber industiy has been able to keep up with increases in 
global demand for paper products. Some of the increase in output to meet the rising demand has 
been at the expense of old growth natural forest (IIED, 1996). Such areas continue to be 
important for timber and pulp production in many countries. Figure 6.1 provides a breakdown of 
forest sources of wood fibre for the paper industiy, with forest systems used for paper 
production broadly divided into six main categories.
6.3. The Supplies of Wood Fibre to the Paper and Board Industry.
Globally, the FAO estimate that of the world’s total growing stock of forest, about 36% is 
softwood, found mainly in the CIS (60%), North America (26%) and Europe (6%). The balance 
is hardwood, found mainly in Latin America 49%, Asia (19%), Africa (13%) and the CIS (10%) 
(Hagler, 1992). When it comes to global forest resources utilised for paper and board 
production, it is of interest to note the proportions of hardwood and softwood fibre demanded by 
the whole industiy sector and the forest types from which both fibre types arise.
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Figure 6.1 provides a broad illustration of the main forest types used for fibre supplies to the 
paper and board industry. Table 6.1 provides further detail by differentiating forest types into 
hardwood and softwood categories. Here we see that softwood fibre provides 64% of total wood 
pulping raw material for the global paper and board industry.
Figure 6.1. Forest systems supplying wood fibre to the paper and board industry.
4% Mixed Tropical 
12% Exotic Rainforest
plantation A I
14% Native Forest 
(predominately 
original boreal forest)
18% Indigenous 
plantation
35% Managed 
Natural Regeneration 
17% Unmanaged /  Forest
Natural Regeneration- 
Forest
(IIED, 1996)
Table 6.1 Forest and Fibre sources to the global paper and board industry
(forest types expressed as percentages o f total resource for hardwood and softwood pulp supplies).
Forest Type Hardwood % Softwood % Total %
Native Forest (predominately 
boreal)
1 13 14
Indigenous Plantations 1 17 18
Exotic Plantations 7 5 12
Managed Natural Regeneration 
Forest
12 23 35
Unmanaged natural 11 6 17
Mixed Tropical 4 0 4
Total 36 64 100
Source: (Flynn, 1998)
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The following provides some explanation of the forest categories given above:
Plantation forestry can be divided into two distinct sub-categories
- Exotic plantation forests: areas planted with non-native tree species. These forests 
comprise about 40% of total plantation forests and the great majority of exotic 
plantation forest is of hardwood timber, e.g. Eucalyptus globulus in Spain and 
Portugal and Eucalyptus grandis and E. urophylla in Brazil. (Flynn, 1998)
- Indigenous plantation forests: areas planted predominantly with native tree species. 
Totalling around 60% of plantation forests, the great majority of such plantation 
forest is of softwood timber, e.g. lobolly pine {Pinus taeda) in the USA or sitka 
spruce (Picea sitchensis) in Scandinavia. (Flynn, 1998)
Unmanaged natural regeneration forest (also termed secondary forest) is a forest ecosystem 
in at least the first generation of re-growth following initial harvesting, which has regenerated 
naturally through re-sprouts, seedlings or seeds. The. managed natural regeneration of a forest 
entails manipulating (thinning and organising) the standing frees and ground conditions to 
improve growth rates.
The distinction between indigenous plantations and managed natural regeneration forest is often 
very blurred. Natural regeneration can be managed to such an extent that the thinning process 
results in regimented tree planting. In such circumstances, the uniform characteristics make it 
look and behave in terms of ecological, amenity and visual benefits just like a plantation system.
Native forest describes original natural forest (often termed primary, or ‘old-growth’ forest) 
which has not been significantly disturbed by human use within historical memoiy (IIED,
1996). This categoiy is predominately comprised of original boreal forest, mainly in Russia and 
the CIS, Scandinavia and Canada
Mixed tropical rainforest is believed to provide only 4% of fibre for global paper needs. 
However, as discussed in Section 6.6. whilst it is accepted that the official contribution from 
such ecosystems is very low, it is still clear that pristine tropical hardwood forests (and indeed 
forests in the ‘native forest’ categoiy) are still being logged, sometimes under illegal 
circumstances, in regions of the world such as Indonesia, Malaysia, Canada, the Russian 
Federation and Australia (WWF. 2002).
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From an industiy perspective, timber harvesting from plantation forests can be the cheapest 
option. The timber yields are high and the regimented planting regime makes for easier access 
for forest machineiy. In contrast, managed natural regeneration forest may be a better option 
from an environmental, ecological and indeed socio-economic perspective, but, from the 
industiy perspective, this type of forestry management results in higher production costs (WWF, 
1995).
6.4. Paper Demand and Continued Forest Pressures
The Worldwide Fund for Nature (WWF) has claimed that wood production for pulp is now the 
largest cause of deforestation in temperate and boreal regions. Over 50% of industrial timber 
demand is used in the global paper and board industiy (WWF, 1995). In developing countries in 
the tropics, pulpwood is primarily produced in the conversion process from forest to agricultural 
land. New monoculture plantations are also increasingly being created, many of which have 
replaced old growth forests (WWF, 2002). Such plantation developments are supplying an 
increasing proportion of the world’s industrial wood harvest. However, considerable 
controversy exists over the expansion of plantation systems to supply global timber demands. 
There are indeed good and bad aspects of plantation forestry development and management 
practices. On the one hand, plantation development supports national economic growth; one 
only has to look at Scandinavia to see how important the timber economy can be to national 
GDP. In Finland for example pulp and paper production alone accounts for 34% of the total 
value of Finnish exports (WWF, 1995). In Scandinavia, and indeed in countries such as the USA 
and Canada, extensive plantation forestry has been in existence for well over a century. Whilst 
plantation forests offer no benefits over natural forest with respect to community use, habitat 
and biodiversity, the predominantly softwood plantation forestry systems that have been 
established in such regions of the developed world have at least in the main used tree species 
that were either indigenous or of the same species type that grew naturally within these global 
regions.
Over the past three decades the greatest growth in plantation forestry development has been in 
the Southern Hemisphere. It is the increased development of these forest systems, 
predominantly using non-indigenous tree species such as fast growing hybrid eucalyptus, which 
has caused the biggest controversies between industry and environmental campaign groups.
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From an industry perspective such forest systems are highly efficient with respect to growth 
rates and useful timber yields: for example in Chile or Brazil they are estimated to produce 
wood at around 5 to 10 times the global average yield of industrial forest systems (WWF, 2002). 
The UN’s Food and Agriculture Organisation (FAO) estimate that with such plantation 
establishment, currently running at 4 million hectares per year, plantations could be supplying 
50 to 75% of the projected total consumption for industrial timber needs by 2050 (FAO, 2000). 
Such statistical projections look promising and will go a long way to alleviate paper industry 
pressures on natural forest systems which still supply around 70% of global wood fibre needs. 
However, from an environmental perspective, it is essential that growth in such plantations 
systems is matched with stricter controls on land planning and forestry management practices. 
This is necessaiy to ensure that a wide spectrum of ecological and socio-economic issues are 
considered in the planning and long-term management of plantations for industrial fibre supply. 
Exotic plantations present significant problems associated with loss of natural habitat and threats 
to biodiversity. Such threats to wildlife do not just revolve around the fact that forest animals 
and flora have no biotic relationship to the new plantations with which they are confronted; 
plantations also can cause significant ecological problems by presenting physical barriers to 
migration or barriers to localised key ecosystem features such as rivers or lakes. Plantation 
systems, particularly non-indigenous types, also present ecological problems with respect to soil 
fertility reduction, water losses and soil erosion (WWF, 2002). From the human amenity 
perspective, plantations of densely planted industrial tree-crops result in the loss of natural 
landscape and eliminate the opportunity for non-timber uses for forests, which are often of 
crucial importance for local peoples. The development of plantations also can result in the 
permanent loss of indigenous homelands in developing countries (WWF, 1995). All such issues 
have to be addr essed in order for new plantations to not only supply wood to meet the ever 
growing global needs for timber and paper products, but to also deliver long-term sustainable 
development in the regions of the world in which they are located.
6.5. Long-Term Forest Sustainability and the Development of Forest Certification 
Systems
In 1993 an independent organisation named the Forest Stewardship Council (FSC) was founded 
to develop criteria for independent certification of forest products in order to ensure that forests 
o f all types are managed in ways that are environmentally appropriate, socially beneficial and 
economically viable.
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The FSC came about following pressure primarily from the World Wide Fund for Nature who 
had exposed the range of misleading ‘sustainability’ labels and indicators that were being 
employed as unregulated marketing tools by many involved in the forestry and forest products 
industiy sectors (WWF, 1994). The WWF identified numerous claims which, for example, 
alluded to the ‘renewability’ or ‘sustainability’ of wood or paper-based products. Up'on 
investigation by the WWF in co-operation with the UK Advertising Standards Agency, many of 
these claims were proven to be in contravention of the British Code of Advertising Practice and 
the UK Trade Descriptions Act. A common trait identified was that claims made referring to the 
renewable or sustainable credentials of wood-based products merely hinged on the fact that 
wood grows, hence, it is renewable and, if one were to replant a tree sapling or seed in place of a 
cut one, the cycle is sustainable. It was recognised that such terms therefore allowed 
disingenuous timber or paper companies to extract timber from forests with no real concern for 
environmental or ecological issues, whilst still portraying what appeared to be environmentally 
conscious credentials. Such false labelling not only confused the consumer, it also presented a 
potential barrier to the creation of genuine initiatives by environmentally aware companies 
prepared to address wider issues such as the socio-economic benefits of sustainable forestry and 
habitat protection. The clearest message to emerge from this research by the WWF was that 
there was a pressing need for a regulated and preferably independent framework of global forest 
certification control.
In the 10 years since the development of the FSC organisation, the debate concerning forest 
management and long-term sustainability has progressed considerably. The FSC now certify 20 
million hectares of forest in 35 countries; however, this compares to the approximate 800 
million hectares of forest from which all industrial timber supplies are extracted (WWF, 2002). 
Much of the inertia in the forest industiy sector to further embrace the FSC arises from 
reluctance to submit to an independent certification scheme, with a preference for self­
regulation, developed preferably on a voluntary basis. In parallel therefore to the creation of the 
independent FSC movement and due in part to the pressures that NGO’s concerned with forest 
habitats continue to apply to the industiy sector, a number of major stakeholders in the forestry 
industiy have implemented other national/international schemes. The difference with these 
schemes is their emphasis on self-regulation and control. The American Forest & Paper 
Association (AF&PA) have developed the Sustainable Forestry Initiative (SFI), which embodies 
a process to promote, monitor, and report continuous improvement of US forests. The scheme
has been developed over the last 7 years and acceptance is now gathering speed (due partly to
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retailer requirements) with the addition of third party verification of certification, and the 
American Loggers Council's introduction of a Master Logger Certification - which is intended 
to combine the SFI (and alternatives) with harvesting and transportation issues. A recent 
advance aimed at further harmonisation is the commissioning of a panel to compare SFI and 
FSC (Lyddan, 2001). Canada has created a national standard, providing Certification of 
Sustainably Managed Forests (CSMF) (Paper Technology, 1996). About 80% (92 M ha) of 
Canada’s industrial forest is expected to be certified by the end of 2003 (Meadows, 2001).
In Europe, the Pan-European Forest Certification Scheme (PEFC) was launched in mid-1999. 
This scheme aims to provide a framework for the mutual recognition of a number of individual 
national forest certification schemes. Like many schemes throughout the world, this is a 
voluntary private sector initiative that awards its own logo to forests subject to third-party audit 
to assure compliance with the scheme's own criteria (Paper Focus, 1999). By mid-2000,17 
countries had created PEFC governing bodies (representing a total annual forest cut of over 280 
million m__ from over 100 million ha of non-industrial private ownership). The first three 
national schemes endorsed by the PEFC Council were:
The Finnish Forest Certification Scheme, which was completed at the end of 1998 and a 
council was set up in March 1999 to guide and control its (voluntary) use. The scheme 
incorporates independent third party assessment and verification of the chain of custody 
(Paper Europe, 1999).
In Noiway, 90% of the 7 million m_ of timber harvested annually was certified (under the 
Norwegian Forest Certification Scheme) by the end of 2000.
- The Swedish government investigated the practicality of developing a forest registry system 
that set up certification based on the FSC model. But the Swedish Forest Owners Federation 
(the co-operative of 31,000 private forestry owners, which owns over half of Sweden's 
forest) left the talks. Sweden has subsequently adopted the PEFC scheme and the Swedish 
PEFC Forest Certification Scheme was created in 1998 (Paper Technology, 1998).
By the end of 2000, across Europe, about 32 million hectares of forest had been certified under 
the broad umbrella of the PEFC scheme. (Paperloop, 2002b).
The Confederation of European Paper Industries (CEPI) has developed a matrix comparing 18 
different forest certification schemes from around the world, including 2 international schemes 
(the FSC and PEFC schemes). Each scheme is assessed according to 29 environmentally 
responsible practice indicators that reflect the principles of sustainable forestry (CEPI, 2001).
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CEPI is keeping the matrix updated and a primary intention of the initiative is to promote 
mutual recognition among schemes, rather than mutual exclusion. The aim is to monitor and 
increasingly harmonise schemes in order to avoid confusion among end-users to develop 
uniform chain-of-custody recording procedures and to link such schemes within the forestry 
sector through to subsidiary industries such as paper, construction timber and furniture (Marley,
2000).
6.6. The Need for Independent Forest Certification Systems
The debate now has clearly moved on from arguments over whether certification is a ‘good 
thing’ to ‘what kind of certification scheme will be fully effective’. The FSC and other leading 
environmental pressure groups argue quite convincingly that certification must be independent 
by nature. The need for this has recently been highlighted by two pieces of research 
investigating illegal logging practices within the forestry and paper sectors:
9 Friends of the Earth released a report in June 2001 that identified the extent to which illegal 
logging was occurring in Indonesia and how paper products derived from these operations 
were reaching UK paper suppliers. The company involved in the logging and paper 
production cycle exposed by FoE, Asia Pulp and Paper (APP) who are ranked amongst the 
world’s top 25 forest product processing companies (WWF, 2002b), were claiming that all 
APP paper production was controlled by ISO 14001environmental management 
certification, which sets out to include sustainability controls on upstream raw material 
supply chain operations. It was proven in the FoE report that company claims that the timber 
used was from ‘sustainable’ plantation systems were false and in reality the majority of APP 
paper was being sourced from illegal logging of the Indonesian rainforest. It is recognised 
that Indonesia is not a major supplier of paper products to the UK; however the most 
significant aspect of the report highlighted the fact that without independent certification in 
place as an industry standard, disreputable claims can be made and no thorough independent 
checks are in place to counter such claims. Also, because no certification controls exist 
(other than the FSC scheme) that independently consider the chain of custody of timber 
products from producer to end-user, many o f the end-products that were derived from APP’s 
illegal operations were exported as un-branded products and re-branded using, for example,
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a UIC wholesaler’s own brand name. FoE’s timely exposure of this issue highlighted the fact 
that, until an independent and accepted global certification process exists for forest products, 
it is not possible to be sine if a paper product derives from an illegal source, let alone a 
‘sustainable’ one (FOE. 2001).
• In June 2002, the Worldwide Fund for Nature presented research to the G8 and China at the 
G8 summit in Canada indicating that in 2001 some 13% of the timber furniture, pulp and 
paper imported by the G8 countries and China was likely to be derived from illegal forest 
logging (Toyne, et. al. 2002). The research was broken down for each country and the 
analysis for the UK estimated that total illegal procurement ran at around 10%. Perhaps the 
most significant aspect of this research was that for each G8 country and China, the WWF 
deduced the percentage of total imports arising from government (public) procurement. 
Based on this research, WWF were in a position to challenge each country to disprove the 
estimate that timber amounting to millions of tonnes had been illegally logged to supply 
construction timber and paper for government projects. At the time of publication, the UK 
was the only G8 government with a “green” timber procurement policy under development. 
The WWF called upon other G8 countries to follow suit. The draft green timber 
procurement research conducted for the Department of Environment, Food and Rural 
Affairs (DEFRA) highlighted the enormity of the challenge faced in ensuring that imported 
timber and timber products are not derived from illegally logged sources (ERM 2002). The 
clear message from the scoping research is that strict certification systems must be 
developed and that certification must cover the chain of custody of timber and timber 
products, from source to consumer. WWF had highlighted the fact that the countries of the 
G8 and China currently import annually (for national consumption or processing prior to 
export) approximately 609 million cubic metres round wood equivalent of timber, pulp and 
paper. By comparison with the 13% estimated to be from illegal sources, less than 1% of 
internationally traded timber and timber products is currently believed to be certified and 
confirmed as coming from well-managed forests. When so much global timber and timber 
products are believed to be illegal compared to that which is known to be ‘sustainable’, it is 
clear that to enable purchasers to exercise a moral choice, labelling must be clear, 
internationally harmonised and independently monitored. It is not just sufficient to develop
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a ‘green’ label; procurement decision makers, both public and private, need to know exactly 
which categoiy a product fits in along a spectrum of control criteria ranging from:
® Legal and sustainable, to,
3 Legal, moving towards sustainable, and finally,
° Legal.
With such criteria in place, it would become possible for government and corporate purchasing 
policy systems to drive timber products towards the highest ‘legal and sustainable’ certified 
categoiy (ERM 2002).
6.7. Origins of Virgin Fibre in uwf Printing and Writing Paper Consumed 
in the UK
As has been previously mentioned, one key factor that distinguishes uwf P+W paper from most 
other paper products or grades is that it is derived primarily from hardwoods and increasingly 
from exotic plantations, primarily of fast-growing eucalyptus. By contrast, virgin newsprint and 
many packaging grades are derived primarily from mechanical pulping of softwood timber. As a 
result of these differences, it is important to look specifically at the primary production and 
supply regions for virgin fibre for uwf P+W paper.
It is impossible to be exact about the proportions o f hardwood and softwood pulps that are used 
to make pulp and finished uwf P+W paper imported to the UK. This is because no publicly 
available statistics give the proportions of these wood types in paper grade manufacture. For the 
purposes of this research, UK pulp and paper consultants, NLK Associates were commissioned 
to provide industry estimates for the proportions of hardwood and softwood pulps that end up in 
UK consumed uwf P+W paper, via direct finished product imports, or via imports of market 
pulp with which UK manufacturers make uwf P+W paper. It is clear that fibre for virgin uwf 
P+W paper in the UK is primarily derived from hardwood forests in Europe, Canada and the 
USA, and, increasingly from eucalyptus plantations in South-east Asia, South America and the 
Iberian Peninsula (NLK Associates. 2001).
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6.8. Virgin Fibre Pulp Sources for uwf P+W Finished Paper Imports to the UK
It is estimated that 75% of the wood fibre used in imports of finished uwf P+W paper to the UK 
is of hardwood origin; the remaining 25% is supplied by softwood pulp (NLK Associates,
2001).
Table 6.2. shows the estimated breakdown of the primary virgin UK imports of finished uwf 
P+W paper by country of origin; an estimate of the likely contributions derived from eucalyptus 
plantations is also given for each country. Table 6.2. also shows the likely extent of production 
integration in each importing country; i.e. the extent to which forestry, pulp manufacture and 
paper production are fully integrated such that the fibre is sourced from within the country rather 
than imported. Non-integration can imply that the wood fibre or pulp used is derived from other 
sources and possibly from outside the exporting country, although this is not certain and will 
depend on a number of unknown market variables (NLK Associates, 2001).
Table 6.2. Imports of uwf P+W paper to the UK in 2000
Country Imports
(‘000
tonnes)
% of total import of 
uwf P+W paper to 
UK
UWF
Integration
Hardwood
Proportion
Eucalyptus 
% of HW
Austria 43 4.5% 12% 70% 70%
Belgium 15 1.5% 5% 80% 20%
Finland 372 40.0% 100% 75% -
France 50 5.0% 30% 65% 40%
Germany 56 6.0% 9% 60% 45%
Italy 4 0.5% 20% 70% 30%
Netherlands 43 4.5% 0% 70% 55%
Portugal 56 6.0% 100% 100% 100%
Spain 4 0.5% 100% 100% 100%
Sweden 123 13.0% 100% 75% -
EU (sub total) 766 75% 75% 12%
West Europe 10 1% 50% 60% 50%
East Europe 37 4.0% 50% 50% 10%
North America 8 1.0% 80% 65% 10%
South America 57 6.0% 100% 100% 100%
Asia 76 8.0% 80% 80% 5%
World 954 100% 80% 75% 13%
Source: NLK Associates 2001
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6.9. Virgin Fibre Pulp Sources for uwf P+W Paper Production in the UK
The raw material mix for the manufacture of uwf P&W paper in the UK normally consists of 
approximately 20-25% non-organic material (fillers, starches etc), 50% hardwood fibre and 30% 
softwood fibre. The hardwood proportion of the fibre content is therefore approximately 65%.
As with imported finished paper products, the long softwood fibres are included to provide 
strength on the paper machine and in use. The short hardwood fibres are there to provide 
stiffness, opacity and smoothness, all necessary performance requirements of uwf P+W paper 
when used for example as office A4 size paper. The hard/softwood fibre proportions vaiy from 
mill to mill and country to countiy, but the above figures are typical for a UK mill using dried 
and imported market pulp, which loses some strength when re-pulped for paper making (NLK 
Associates. 2001).
Table 6.3 provides an approximate breakdown of the origins of the hardwood and softwood 
market pulp from which uwf P+W paper is manufactured in the UK. The table actually shows 
imports of virgin pulp designated by the type of chemical process used since this is the only way 
to estimate the required data specifically for uwf P+W paper production. Sulphate softwood and 
hardwood pulp production is closely associated with uwf P+W paper production and NLK 
Associates have combined publicly available data on annual pulp imports (PFGB 2001) with 
their own market knowledge of pulp production types by country of origin and the pulps 
generally preferred by individual UK papermakers (NLK Associates, 2001). The only way to 
accurately break down the timber types and origins of the imported pulp used in the UK 
manufacture of the grade would be to gather the information from all paper producers involved 
in the sector, however such data would be confidential. For statistical purposes, particularly in 
relation to cross-referencing data in Table 6.3. with information on uwf P+W production in the 
UK in Section 4.3., it should be noted that some other grades are also made from softwood and 
hardwood sulphate pulp; it is known that the production of uwf P+W paper in the UK was circa
900,000 tonnes in 2000, for example, eucalyptus pulp is also used in the manufacture in the UK 
of coated woodfree papers, tissues, cartonboards and specialities as well as in uncoated 
woodfree papers. It is thus not possible to specifically determine the proportion of eucalyptus 
pulp that is used in UK uwf P+W paper manufacture.
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Table 6.3. Pulp imports for uwf P+W paper production in the UK in 2000 
(Softwood Sulphate and Hardwood Sulphate pulps)
Export Quantity Quantity Combined % of Total UWF
Country Imported Imported Import Total Pulp Import to
Softwood Hardwood (Tonnes) UK
(Tonnes) (Tonnes)
Sweden 135,000 46,000 181,000 14.0
Finland 97,200 36,800 134,000 10.0
Spain 21,600 39,100 60,700 4.5
Portugal nil 80,500 80,500 6.0
Norway 16,000 16,000* 32,000 2.5
Russia 31,200 31,200 2.5
Sth Africa 21,000 21,000 1.5
Canada 110,000# 97,500 207,500 16.0
Nth. USA 110,000# 97,500 207,500 16.0
Chile 40,200 40,200 3.0
Brazil 19,800 261,440 281,240 22.0
Indonesia 26,320 26,320 2.0
Totals 570,800 732,360 1,303,160 100
* = global market pulp # = 50/50 split of ‘Nth American’ total provided in NLK report 
Note, table only shows primary import countries. Source: NLK Associates 2001, (data for 2000)
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6.10. Application of UK Importation Data for Pulp and Finished Paper in the LPfL LCA 
Research.
From the above analyses covered in Sections 6.7 to 6.9, it has been possible to consider the 
following issues in the LPfL LCA research:
The transportation impacts associated with the trade in uwf P+W pulp and paper to 
the UK.
- The impacts associated with different forest systems and how these relate to uwf 
P+W paper production.
6.10.1. Determination of Transportation Impacts Associated with Virgin Imports to UK
The original purpose of the research outlined in Sections 6.7 and 6.8. was to compare 
transportation impacts for the LPfL product supply cycle with imported uwf P+W paper. Some 
data have been reported for transportation impacts in the paper cycle, for example by (Virtanen 
& Nilsson (1993), but without sufficient detail to provide information for nwf P+W pulp or 
paper imported to the UK. Because of the variety of locations from which uwf P+W pulp and 
finished paper is obtained, it was necessaiy to break down the UK total import figures in order 
to develop estimates of average transportation impacts over the whole delivery cycle. Full 
details of the importation transport data used (based on the information given in Tables 6.2. and
6.3.) and results for the average overall transportation impacts relating to the import cycles are 
given in Appendix 4. Transportation data comparisons between the importation scenarios and 
the LPfL cycle are given in the LPfL LCA Impact Assessment in Section 10.4.2.
6.10.2. Scoping Study of Impacts Associated with Different Forest Systems Related to 
uwf P+W paper Production.
Based on the importation data developed for this research and shown in Tables 6.2 and 6.3 
(NLK Associates. 2001), it is possible to consider the global supply system for wood fibre to the 
paper and board industiy and to relate concerns regarding forest pressures to the demand
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associated with uwf P+W paper production and consumption. For the purposes of this analysis, 
the forest types from which fibre for paper and board production are derived have been colour- 
coded into the three categories listed below. These are intended to grade the current levels of 
reported global concern with respect to forest types, forestry practices and potential 
environmental and ecological damage:
Concern
Category
Forest Types 
Included
(see Sections 6.3 & 
6.4. for further 
detail)
Comments
(see Sections 6.3 & 6.4. 
for further detail)
R ed
highest level 
of concern
Native Forest, 
Mixed Tropical, 
Unmanaged 
Natural, Exotic 
Plantations
High concerns exist regarding the industrial use of all 
natural forest systems; Native, Mixed Tropical and 
Unmanaged Natural. High concerns also exist with 
respect to Exotic Plantations regarding their scale, 
location, and effect on biodiversity and their long-term 
effects on soil fertility and water table levels.
Amber
medium level 
of concern
Managed Natural
Regeneration
Forest
Medium concerns exist regarding the level of 
management in natural regeneration forest. This 
category can hide the fact that the natural ecosystem 
can be rendered sterile by overmanagement, whereby 
the control of thinning and sapling development means 
that in effect a natural forest system converts to a 
plantation system.
Green
lowest 
level of 
concern
Indigenous
Plantations
Globally, most indigenous plantation systems are (a) 
long established and/or (b) within countries where 
stricter environmental and ecological controls already 
exist. Historically such plantations have been regarded 
with higher concern by environmental pressure groups. 
However, existing legislative and management 
controls concerning clear felling and acid run-off into 
water courses etc. mean that Indigenous Plantations 
can generally be afforded a lower level of concern, 
when compared to all other forest types presented in 
the two higher concern categories.
The detail of forest and fibre sources to the global paper and board industry, given in Table 6.1., 
is now presented in Table 6.4., with the addition of the appropriate colour-coded concern 
categories.
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Table 6.4. Overview of global concern ratings associated with environmental and 
ecological impacts for forest types used by the paper and board industry.
Hardwood % Softwood % Combined
Total %
Forest Type
Indigenous Plantations
Exotic Plantations 7 5 12
Managed Natural Regeneration Forest 12 23 35
Unmanaged natural 11 OS
17
Mixed Tropical 4 0
m m m
Total 36 64 100
Global concern ratings: expressed as percentages of global resource for hardwood, softwood and 
total pulp supplies
Total Red = highest area o f concern 23 24 47
Total Amber = medium level o f concern 12 23 35
Total Green = lowest level o f concern 1 17 18
% of total forest system (hardwood, softwood 
and total) in Red : highest area of concern
64% 38% 47%
% of total forest system (hardwood, softwood 
and total) in Amber = medium area of concern
33% 36% 35%
Source: Flynn, B. 1998, adapted by Hart, 2003
Figure 6.4. shows that based on the broad three-stage criteria of concern developed above, 
hardwood forests are the forest type in which the greatest level of concern exists. Of the total 
stock of industrial hardwood forest, two-thirds come from forest types in which high levels of 
concern exist. In comparison, only around one-third of softwood forest stock is from forest types 
in which the highest levels of concern exist. One can also see that around a quarter of softwood 
forest is derived from indigenous plantations, which in this scoping exercise falls into the area of 
lowest global concern. In contrast, only a very low percentage of hardwood forest falls into the 
category of lowest concern. As explained in Section 6.8. it is estimated that circa 75% of the 
fibre used in uwf P+W paper arriving in the UK is hardwood fibre. Therefore, based on this 
scoping analysis it can be shown that virgin uwf P+W paper, the office copier paper used so 
extensively in commercial premises, originates predominately from forestry systems with the 
highest levels of concern over environmental and ecological impacts.
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Whether derived from natural forest systems, managed or otherwise, or from non-indigenous 
plantation systems, the use of hardwoods for paper production broadly exerts higher ecological 
burdens than those which arise from paper production from softwood pulps (i.e. newsprint, 
tissue and packaging pulp from Scandinavia). This is a legitimate generalisation to make since 
such a high degree of softwood pulp is now extracted from (a) native species and (b) long 
established forestry systems. Of course, poor forestry practice in softwood forests can 
undoubtedly exert high environmental and ecological impacts; clear felling vast tracts of fir, 
spruce or pine forest for example, results in acidification problems in watercourses due to 
increased run-off, visual impacts, loss of amenity and ecological impacts with relation to 
disturbances to forest flora and fauna. This is why harvesting methods employed in any type of 
industrial forest are so important to manage correctly.
In part due simply to the long- established maturity of many of the naturally managed and native 
plantation softwood forest systems, it is fair to say, from an industrial agro-economical 
perspective, that they bare some comparison with extensive arable farming systems encountered 
in East Anglia in the UK or in the mid-West USA. If such areas typify the grain-baslcets of the 
world, then Scandinavian and North American timber companies for example would argue that 
their plantation forests are the well established timber and pulp baskets of the world. Also, 
because such established indigenous forestry systems are generally found in developed countries 
were environmental and ecological controls are more tightly exercised, they are not regarded as 
the foremost problem in the broad picture of environmental or ecological impacts arising from 
global forestry operations for paper production.
Hardwood forest systems in contrast have a number of features which mean that in general 
terms more pressing concerns exist with respect to ecological impacts. In the developed world 
the pressure on hardwood natural forests are becoming increasingly recognised and controlled 
and this is having an effect on material supply. Historically, with respect to the preferred timber 
types for uwf P+W papers, papermakers have tended to prefer the strong physical properties 
associated with North American mixed hardwoods, such as birch, beech, maple, oak and poplar. 
(Paperloop. 2002c). In the Western US, between 1988 and 1996 the total timber extracted 
reduced by 44% due to logging restrictions. In the South US, whilst logging of hardwood for 
pulp has grown massively over the last four decades, analysts now predict similar shaip 
declines, due again to logging restrictions. The same pressure to reduce hardwood logging is 
being experienced in Canada. (Paperloop. 2002c). This means that papermakers are looking
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elsewhere for hardwood timber supplies for uwf P+W paper and this has resulted in two further 
pressures, namely the sourcing of natural hardwood timber from regions of the world where 
environmental control is more lax, and the rapid growth of non-indigenous hardwood timber 
plantations (primarily of eucalyptus species).
Scandinavia, whose forest system is based mainly on softwoods, is increasingly importing birch 
from Russia and the Baltic countries in order to meet growing demand for hardwood based 
papers such as uwf P+W paper (Paperloop. 2002c). This practice is of concern to forest 
campaign groups since regions of the CIS are cited as having a poor record with respect to 
illegal or unsustainable logging. (Toyne, et al. 2002). Table 6.4. also shows that circa 11% of 
the total hardwood timber harvest is currently from mixed tropical forest. In this forest categoiy, 
across many countries, primarily in Asia, concerns exist about logging operations in protected 
forest regions. These concerns are often highlighted by the emergence of greatly higher official 
claims of forest plantation stock arising from a country than is actually possible. Exposure of 
such an incorrect claim can lead to the identification of illegal logging practices taking place. 
(Neilson, 1998) and (FOE, 2001). As logging restrictions increase in developed countries, it is 
feared that incidents of illegal extraction from natural forests in the third world may increase if 
left unchecked by stricter legislation (FOE, 2001).
Much of the increasing demand for hardwood fibre is being met by expansions in the 
development of exotic hardwood plantations in regions such as Sth. America and Indonesia. 
Hardwood timber grown in such conditions produces annual growth rates that can be 10 times 
the growth rate for natural forest hardwood. For example, Eucalyptus grandis, grown in Brazil 
has an average annual growth rate increment of 50m3/ha/yr and has a harvest rotation time of 7 
years. In comparison, Birch (betula pendula) grown in Finland has an average annual growth 
rate increment of 4m3/ha/yr and has a harvest rotation time of 35-40 years (Almedia, 2000). 
Irrespective of the high yields that exotic plantations produce, there is considerable controversy 
over the role of new exotic plantations in industrial forestry. (WWF, 2002), (RED, 1996)
(WWF, 1995) (FOE, 2001). If  such new plantations are developed sensitively and are 
independently certified as sustainably managed, then their potential to offset pressure on natural 
forests is great and their increased development would thus help improve the potential long-term 
sustainability of the forest industiy. However, historically, such plantations have not been well 
managed or sensitively developed and such development continues in regions of the developing 
world where controls on forest management practices are often hardest to police. Serious
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concern also exists about the practical long-term viability of many exotic plantations in relation 
to issues such as decreasing soil fertility and water availability due to the unnatural demands that 
a non-indigenous plantation can impose on an ecosystem. This is particularly the case when 
exotic plantations with high demands for water to feed rapid growth are planted in regions once 
occupied by tropical or sub-tropical forest. In such circumstances, soil profiles can be veiy thin 
and the regions water table and micro-climate, once kept in balance by the tropical forest, can 
alter to such a point that the plantation system yield and long term viability can become 
compromised. (WWF, 1995).
It is fully appreciated that the qualitative analysis conducted in this section is veiy broad-based 
and many specific issues associated with forestry practices at a national and international scale 
are being overlooked. However, that said, this assessment methodology does have some 
legitimacy as a first-cut analysis approach to categorising forest types and levels of concern that 
currently exist amongst forest-oriented international campaign groups (Mathew, 2002), (Hewitt,
2002). This assessment provides an informed starting point from which further research could 
most usefully be developed. Suggestions on the direction of further research in this area are 
made in Appendix. 1: R.3. Recommendations for further research.
6.10.3. Sustainable Forestry Issues and the potential illegality of uwf P+W pulp and paper 
imports to the UK.
It is possible to consider the scale of potential illegality associated with imports of uwf P+W 
pulp and paper to the UK. As mentioned in Section 6.6., the Worldwide Fund for Nature has 
recently published work on this issue (Toyne, et. al. 2002). Having conducted an import analysis 
in this thesis specifically for uwf P+W paper, it has in fact been possible to conduct research in 
collaboration with WWF data into this issue. By cross-reference with their research into illegal 
pulp and paper imports to the UK across all paper grades, potential illegal importation figures 
have been derived for pulp and finished paper imports specifically for uwf P+W paper, based on 
data derived for this research. The results do indicate that the quantities of potentially illegal 
pulp and paper imports in the uwf P+W sector may rise significantly above the figures 
determined for imports of all paper grades to the UK. The results of this research are shown in 
Appendix 5. Recommendations for further research to further clarify the level of potential 
illegality in uwf P+W pulp and paper imports to the UK are given in Appendix 1. R.3.
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PART THREE
LIFE CYCLE ASSESSMENT OF THE 100% RECYCLED LOCAL PAPER FOR
LONDON CYCLE
Part Three is divided into the following six sections:
Section 7: LCA methodology and data issues
Section 8: Local Paper for London LCA Goal Definition and Scoping Stage: This section 
provides an overview of the key environmental issues associated with the 
production, supply and recycling (or alternative disposal) o f waste papers, and 
their impact on the Local Paper for London cycle.
Section 9: The Local Paper for London LCA: Functional Unit, research scope, system 
boundary and data issues
Section.10: The Local Paper for London impact assessment: Key environmental impacts 
associated with the (Base Case’ Local Paper for London cycle
Section: 11: Improvement Assessment strategies applied to the Local Paper for London 
Base Case’ cycle.
Section 12: Thesis conclusions
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SECTION SEVEN
LCA Methodology and Data Issues
7. LCA Methodology and Data Issues
7.1. Introduction
According to the International Organisation for Standardisation (ISO) an environmental Life 
Cycle Assessment (LCA) studies the environmental interventions and potential impacts 
throughout a product’s life (confined by a defined system boundary, i.e. from cradle-to-grave) 
from raw material acquisition through production, use and disposal (ISO, 1997,1998, 1999, 
2000). This is done by compiling an inventory of relevant inputs and outputs of a system 
(inventory analysis), evaluating the potential impacts of those inputs and outputs (impact 
assessment), and interpreting the results (interpretation) in relation to the objectives of the study 
(defined in the goal and scope definition in the beginning of the study) (Clift et al, 2000). 
Interpretation is recognised as the final phase of an LCA and the results are used to develop 
improvement strategies and/or to provide an input to some form of decision process.
LCA is the tool used to evaluate the environmental impact of the Local Paper for London cycle. 
In accordance with the objectives of the LPfL LCA research programme, an LCA has been 
conducted for the pre-existing LPfL cycle; termed the LPfL ‘Base-Case’ in this study. 
Interpretation has been used to fulfill the primary defined goal of the research, which is to 
develop improvement strategies that will inform the decision process aimed at further expansion 
and development of the LPfL cycle. The Local Paper concept is also being set up in other areas 
of the UK and the improvements suggested herein are also intended to feed into these projects.
7.2. LCA Methodological Approach
The LCA methodology adopted for the LPfL LCA is guided by the ISO 14040 series: Standards 
on Life Cycle Assessment. The ISO LCA framework has been sub-divided into the following 
standards:
Standard Subject
ISO 14040 LCA: Principles and Framework
ISO 14041 LCA: Goal and Scope Definition and Inventory Analysis
ISO 14042 LCA: Impact Assessment
ISO 14043 LCA: Interpretation
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Complementary readings on general LCA methodology are numerous. Amongst the most 
authoritative works published are those from the Society for Environmental Toxicity and 
Chemistry (SETAC). A key work published by SETAC is “Guidelines for Life-Cycle 
Assessment: A ‘Code of Practice’” (Consoli, et. al. 1993). SETAC has also produced a number 
of other guides to LCA methodology; together these constitute a comprehensive framework for 
LCA research and continuing development:
Fava, J. et. al. 1991 A Technical Framework for Life Cycle Assessments
SETAC-Europe 1992 Life Cycle Assessment
Fava, J. et. al. 1992 A Conceptual Framework for Life Cycle Impact Assessment
Fava, J. et. al. 1994 Life Cycle Assessment Data Quality: A Conceptual
Framework
Huppes, G. & Schneider, 1994 Proceedings of the European Workshop on Allocation in LCA
F. (eds.)
Udo de Haes, H.A. et. al. 1994 Integrating Impact Assessment into LCA
Clift, R. et. al. 1997 Towards a Coherent Approach to Life Cycle Inventory
Analysis
Udo de Haes, H.A. et. al. 1997 Towards a Methodology for Life Cycle Assessment
The most up to date and authoritative guide to the ISO 14040 standards and LCA application 
is that produced in May 2001 by the Centre of Environmental Science at CML, Leiden 
University:
Guinee, J.B. (ed.) 2001 LCA: An Operational Guide to the ISO Standards, Parts 1,
2(a), 2(b) & 3. Leiden University, Netherlands
7.2.1. LCA Stages
There are four stages in the life cycle assessment process:
♦  Goal Definition and Scoping
♦ Inventory Analysis
♦ Impact Assessment
♦ Improvement Assessment
The LCA process is iterative and involves iterations back to the scoping stage as data and 
further knowledge of the system under study is developed.
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7.2.2. Goal Definition and Scoping
This first stage of an LCA study is crucial to the outcome of the research. The purpose, or goal 
definition of the study, will vary depending on the desired outcome. It may be decided that the 
study need only concentrate on one specific aspect of the whole cycle, for example, the 
transportation impacts of delivering fresh vegetables from field to supermarkets in the UK. This 
is still a life cycle study, yet it is clear from the goal definition that many aspects of the whole 
cycle need not be considered. The system boundary can be drawn to ignore issues such as 
growing and harvesting, for example, since they do not form a part of the purpose of the study.
If on the other hand the piupose of the study was to compare the life cycle impact of tomatoes 
grown in Spain and consumed in the UK, with tomatoes grown under glass in the UK from 
waste heat from a power station, for home consumption, then the scope of the study would be 
far more complex. Thus the system boundary of the study would encompass growing, 
harvesting, losses in production and transport, soil losses and agricultural inputs, depreciation of 
farm equipment (including the glasshouses in the UK), energy use, product packaging and 
refrigeration and of course transportation impacts.
A vital aspect of the goal definition stage involves determining the functional unit’ (F.U.) of the 
proposed study. The piupose of the F.U. is to provide a unit of analysis that gives a firm basis 
for comparison if more than one alternative is being studied. Correct selection of the functional 
unit for a comparative life cycle assessment must therefore be determined so that functional 
eqidvalence ’ between systems has been taken into account. In the two examples just cited, the 
F.U. would quite simply be a convenient unit weight (i.e. 1kg, or 1 tonne) of tomatoes delivered 
to the supermarket. Staying with the supermarket theme, if the LCA were to study the relative 
merits of paper or plastic carrier bags for supermarket customers, then the F.U. of the study 
would not be the production of 100 bags, since this unit would not properly describe the 
functionality of each item. In this circumstance the F.U. would be related to the carriage of say, 
5kg of standardised domestic shopping goods since it may be that three paper bags are required 
to perform the task of one plastic carrier bag. In this way the functionality of both bags is being 
considered. This is crucial since selection of this less straightforward F.U. is necessary to 
represent a fair functional equivalence as a basis for comparison
Boundary definition is very often assisted in an LCA study by careftd consideration of system 
boundaries used by previous studies against which one may wish to make comparisons. The
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initial boundary definition can often end up being modified when the LCA moves into the 
Inventory Analysis stage. This can occur as a result of data gaps that arise which may result in 
the necessaiy omission from the analysis of certain inputs or outputs in the cycle. The 
consequence of such an action must first be carefully considered and must also be reported in a 
transparent manner.
The methodology is by necessity iterative: as the LCA progresses it is often essential to return to 
the previous stage to make data modifications or simply to re-pose crucial questions. Iteration is 
routine at the results interpretation stage, whereby layers of sensitivity analyses are used to test 
the relative meaning of the results. One-way sensitivity analysis is used to determine the amount 
an individual input parameter to the system needs to change, with all other parameters remaining 
the same, for selected output parameter values to change by a defined percentage. Ratio 
sensitivity analysis, which is employed only in comparative studies, is used to determine the 
percentage by which an input parameter value needs to change in order to reverse the outcome 
of a specific result between the alternative systems under study (USEPA. 1995). Scenario 
Analysis can also be used in the interpretation phase. This practice enables LCA to describe 
possible future situations and is characterised by alterations in system boundaries, allocation 
methods, technologies, time-scales, resource availabilities and changes in weighting methods.
As with sensitivity analysis, the purpose is to analyse the influence of selected input parameters 
on impact assessment results (Raynolds, et. al., 1998).
This iterative style of investigation in LCA is described in ISO 14040 -  Life Cycle Assessment, 
Principle and Framework (ISO, 1996) and illustrated in Figure 7.1.
Figure 7.1. Phases of an LCA
Life Cycle Assessment Framework
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7.2.3. Inventory Analysis
In the inventoiy analysis phase, life cycle data for all the material, energy, waste and transport 
flows are accumulated for the entire system under study. To achieve this complex task the cycle 
defined within the system boundary is broken up into separate sub-systems and for each a rnass- 
balance study is undertaken. In view of the principal objective of an LCA study, the material 
and energy flows included in the inventoiy are those “drawn from the environment, or discarded 
into the environment without human transformation” (ISO, 1996). To achieve this, the system 
boundaiy must extend upstream to primary resources, and downstream to the point where the 
materials associated with the cycle - including the waste product itself - are ejected into the 
environment. This clearly implies that solid waste must be included as part of the system. Many 
LCAs do in fact omit the final disposal options associated with the product cycle and are thus 
described as ‘cradle to gate’ studies rather than the full-cycle ‘cradle to grave’ study typically 
associated with LCA.
Inventoiy Analysis proceeds by identifying and quantifying energy and materials used and 
wastes released to the environment per functional imit provided by the system under study. The 
resource inputs and emissions together are sometimes called the environmental burdens. The 
result is an ‘inventoiy table’ which lists all these flows (Clift, 1997).
In LCA, data collection for the cycle under study has to be expanded to account for all other 
processes that interact with the system. To achieve this system expansion a clear distinction is 
drawn between the foreground and background elements of the study:
Foreground Processes: relate to the set of processes whose selection or mode of operation is 
affected by decisions based on the study (Clift et al, 2000).
Background Processes: refer to all other processes which interact with the Foreground, usually 
by supplying or receiving material or energy. A sufficient (but not necessary) condition for a 
process or group of processes to be in the Background is that the exchange with the Foreground 
takes place through a homogeneous market (Clift et. al, 2000). Figure 7.2. illustrates the 
distinction between Foreground and Background Systems.
A further important distinction between Foreground and Background systems is in the way the 
data for each is derived. The Foreground system is developed with primary data gathered 
directly from the system under study. Data for Background or secondaiy inputs to the system
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(such as fossil fuel and grid electricity and items such as generic chemicals and packaging 
materials) are gathered from available industry data, for example taken from a reliable database 
of life cycle inventory data. It is this key distinction that makes Life Cycle Assessment 
practicable. The LCA practitioner is able to develop primary data for the system under study 
whilst using previously published data for all background flows into the system. Thus the time 
consuming collection of primary inventory data can be defined and confined (Clift et al, 2000). 
With respect to the LPfL LCA, details of the primary and secondary data used are given in 
Section 9.9.
Following the distinction between Foreground and Background Systems, the environmental 
burdens can conveniently be divided into three categories:
Direct Burdens, which arise from the Foreground System associated with operations directly 
associated with the system under study;
Indirect Burdens, which arise from the Background System due to the supply of materials and 
energy to the Foreground System;
Avoided Burdens, corresponding to activities in the Background System, which are displaced 
by materials or energy recovered in the Foreground.
The total environmental burdens arising from the system are then given by Direct Burdens plus 
Indirect Burdens minus Avoided Burdens (Clift, 1997).
Figure 7.2. Distinction Between Foreground and Background Systems.
(Clift, 1997)
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During the inventory analysis stage, the issue of the allocation of burdens can often arise. This 
commonly occurs as a result of co-products arising as process outputs in the primary product 
cycle, it can also occur when the system uses waste as a material input. In ISO 14040 this is 
described as “partitioning the input and output flows of a process to the product system under 
study”. A hierarchy of approaches to the allocation issue has been developed via the SETAC 
Europe Working Group on Inventoiy Analysis (Clift et al, 1997). The primary approach, and the 
one used in the LPfL study, is the ‘avoided burdens’ approach. By this method, where data 
allows, the system under analysis is expanded to accoimt for the co-product cycles or waste 
materials actually used by the system.
In the LPfL analysis the avoided burdens approach is used in Section 11.4. In the impact 
assessment results given in Section 11.3, the system boundary is confined to record the impacts 
of recycled paper collection, sorting and distribution, recycled paper production and the supply 
of the finished product to the consumer. This system allows for some direct comparisons to be 
made with the results of other paper production LCAs, namely the Paper Task Force Study 
(Paper Task Force, White Paper No 3. (1995). (See Sections 9.5. to 9.7. for system boundary 
comparisons between the LPfL cycle and the Paper Task Force Study). In Section 11.4, the 
system has been expanded to consider the role the cycle plays in avoiding the burden of waste 
paper being consigned to landfill. System boundary extension is a legitimate and practical aspect 
of the Life Cycle Assessment approach. The use of system boundary extension and the avoided 
burden approach in the LPfL LCA is discussed in detail in Section 8.4.5 and Sections 9.5., 9.6.,
9.7. and 9.8.
Where possible, the inventoiy process must also consider issues such as geographical variation. 
For example, an electrical motor mn in Norway uses much less environmentally detrimental 
electricity than an identical machine mn in the UK. In this instance the geographical variation 
comes about because hydroelectric power is abundantly used in Noiway (but not in the UK) as a 
part of the grid mix of available electricity generation options.
7.2.4. Impact Assessment
A number of LCA Impact Assessment methodologies have been created. These include:
♦ The EPS (Environmental Priority Strategy) system (Steen & Ryding, 1992)
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This system employs two weighting factors which are assigned to resources used and 
emissions generated in the cycle under study. The weighting factors are applied at 
the inventory analysis stage and are calculated on the basis of; a societal judgement 
of the importance of each impact categoiy, the intensity and location, and the cost of 
reducing the impact by a described unit of weight.
6 The Eco-points method (Ahbe et. al, 1990).
This method also uses weighting factors at the inventory stage. The purpose is to 
weight all emissions by assigning them ecopoints. Once this is done, the impacts are 
assessed against the pre-determined critical load for each impact categoiy. Ecofactors 
are then determined by the ratio of critical load of an emission to the actual emission 
within a defined geographical area.
4  The Eco-indicator method (Goedkoop,1995)
The Eco-indicator method is a much-simplified LCA methodology which provides 
indicator scores for different raw materials and processes used in the life cycle. By 
application of this methodology an overall indicator ‘score’ is given for the system 
under study.
The immediate disadvantage with the types of LCA methodologies described above is that all 
aim for simplicity, with the environmental impacts aggregated into a single number. This 
removes from the LCA the transparency required to make fully informed decisions based on the 
full array of impacts found across the life cycle of the product or service under investigation.
The approach used in the LPfL LCA is the one adopted by SETAC and pioneered by the 
University of Leiden (Heijungs, et al., 1992a; 1992b), namely the Problem Oriented (P.O.) 
Approach. Using this method, the whole range of quantifiable material and energy burdens that 
have been determined during the inventoiy analysis stage are classified into a recognised set of 
environmental impacts. After this classification stage, it is then necessary to characterise the 
contribution of each burden to any one environmental impact category. In essence, the large set 
of data making up the inventoiy table is condensed by reducing it to the set of contributions to a
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much smaller set of impact categories. Thus, all non-renewable1 C02 emissions occurring 
throughout the cycle are characterised and grouped together under the ‘Global Warming 
Potential’ (GWP) impact category. All methane emissions are characterised and expressed in 
terms of their contribution to the GWP and ‘Photochemical Oxidant Formation’ impact 
categories, since methane emissions play a part in both these categories.
A range of Problem Oriented impact categories has been developed and Table 7.1 lists a number 
of these. Over the past decade of use, some categories have become less commonly applied. 
These are highlighted in blue in the table. The main reason for lack of use of these categories is 
that they have been compiled using subjective weighting factors, because these categories are 
associated with more qualitative impacts than those most commonly used in the P.O approach 
and marked in green in the table.
Table 7.1. Impact Assessment Categories Available in the Problem-Oriented Approach
for Impact Assessment
Impact Resource Depletion Pollution Distil rbanccs
Category Type
Abiotic resources Global warming Physical ecosystem degradation
Biotic resources Stratospheric ozone depletion Landscape degradation
rt
Impact of land use Photochemical oxidant formation Desiccation
HM
0
0w
H
Acidification Casualties
Eutrophication
<u Radiation
HU Human toxicity
<1PkS
Ecotoxicity
NN Noise
Odour
Waste heat
Working conditions
Source: adapted from (Guinee. et al, 2001)
There are two further stages in the Impact Assessment (l.A.) stage of an LCA, namely 
normalisation and valuation. The objective of both strategies is to attempt to present the 
complex results of the l.A. stage in a way that is easier to interpret. Normalisation is undertaken
1 Impact Characterisation draws the distinction between non-renewable and renewable origins for species such as CO2, therefore 
recorded C02 emissions derived from renewable resources locked up in the natural carbon cycle would not commonly be 
assigned to the Global Warming Impact category
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to attempt to relate the impacts associated with the system being studied to the total impacts 
arising, for example, from all economic activities in a specified geographic area. This step 
commonly attempts to normalise the system being studied, for example, against the total 
impacts for the country in which the study is being conducted, or for a global region, such as the 
E.U in the case of a study on a process in the UK.
This does not mean to say that normalisation is a necessaiy step. Veiy often an LCA study will 
set out to directly compare a system of providing a product or service with one or more 
alternatives so that comparisons of classified and characterised results provides sufficient 
resolution. The other common way of using LCA for comparative purposes is to match the study 
against an already published LCA for the same, or similar product or service. In both cases, the 
key issue is to ensure that the boundary definitions for each system allow direct comparisons to 
be made. In such circumstances, normalisation is not a necessary step. Often, as was the case 
with the LPfL study, it was not possible to compare normalised results against other published 
LCAs since no other study existed where; (a) results had been normalised and (b) there was 
sufficient transparency of data to normalise the results of the published study in order to 
compare with normalised LPfL LCA results. This issue is discussed in relation to the LPfL 
study in Section 9.7.
Normalisation can be of most use when considering strategic planning issues. For example, for 
an LCA looking into the life cycles of different personal transportation options for the UK, if the 
results of the study were normalised, then the relative impacts of national policy changes to 
transport strategy could be quantified in terms of national air quality improvements or 
reductions in global warming gases etc.
Valuation is an attempt to weight the characterised impact assessment categories such that 
scores can be derived which can be added or multiplied together to determine a single number 
answer. There is no true scientific basis for the addition or multiplication of different 
environmental impacts to arrive at a single number answer for an LCA. Whereas some regard 
the procedure as conceptually and theoretically ill-founded (Foster, 1997), misleading (Clift, 
1994), and unnecessary (Azapagic & Clift, 1999), it must be noted that it is widely used in 
practice (Hansen, 1999). The controversy around Valuation as an element in LCA is illustrated 
by the ISO standard which states that the methodology shall not be used in ‘comparative 
assertions disclosed to the public’ (ISO, 1997). Valuation may be of use when applied to the
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application of life cycle thinking in, for example, the design phase of goods or services in 
industiy, but their use publicly can reduce credibility and be confusing rather than helpful for 
decisions involving the general public (RCEP, 1998; Clift, 1999). A suitable methodology for 
valuation has not been ratified under the ISO 14040 series and Valuation has not been used in 
the LPfL LCA.
7.2.5. Improvement Assessment
The improvement assessment phase of the LCA process is the area of most practical value. 
Having developed the life cycle inventoiy during the Impact Assessment stage, it is now 
possible to look at the range of impacts and consider measures that could reduce the overall 
environmental burden of the whole life cycle.
Analysis of the LCA Impact Assessment makes it is possible to view the cycle in a number of 
different ways. For example, it is possible to:
4 Conduct sensitivity analyses on individual items to assess their relative overall 
impact on the whole cycle; e.g. the use of one raw material in the production phase 
may introduce a high impact which could be reduced by substituting a different raw 
material.
❖ Compare impacts across individual stages to identify the relative importance of each 
stage in order to determine where best to focus improvement strategies. For 
example, in the case of an electric washing machine, it is found that the use-phase 
has much the highest energy use. Improvement strategies should therefore be 
focussed on improving the energy efficiency in use rather than in the production 
phase.
♦ Consider alternative strategies for issues such as; transportation (switch from road 
haulage to train), or the final management of solid waste (incinerate for energy, or 
make use of waste as a raw material for another product, rather than consign it to 
landfill).
The improvement assessment strategies chosen can also be greatly informed by topical 
environmental issues. For example, the Improvement Strategy can be steered from the outset by 
impending legislation that will require changes or reductions in material uses or process
emissions associated with a product or service. For example, if legislative changes are 
forthcoming to vehicle emissions for the road haulage industiy, LCA could be used to aid the 
decision making process. An LCA might identify that the best options to reduce emissions per 
kilometre traveled lie in vehicle aerodynamics, rather than in carburettor improvements.
7,3. Data Accumulation Issues
One major area of concern for the life cycle assessment practitioner lies in the difficulty in 
obtaining adequate information during the inventoiy compilation stage (Johnstone, 1997). If 
constrictions on data availability occur, the initial goal definition of the proposed LCA may have 
to be reviewed and adjusted. This issue applies to the LPfL LCA where data limitations were 
encountered in certain stages of the cycle, see Section 9.11.
In order to understand the significance of any such data limitations in the study, a number of 
basic questions have to be posed early on in the inventoiy analysis to determine whether data 
will be available to give adequate representation of areas identified as key in the scoping 
research. In the specific ease of the LPfL LCA, it is important to determine what data and 
qualitative information are available on the main environmental impacts, as discussed in Section
9.11.
7.3.1. LCA Data Accumulation for the System Under Investigation
In undertaking the process of data accumulation dming the inventoiy analysis stage of the LCA, 
it is important to consider the following issues:
♦ What data are available for the system to be analysed? What are the data origins? Can 
representative average data sets be derived for a suitably long time-period, e.g. one year’s 
production? Is there likely to be any cyclic (i.e. seasonaFweekly/daily) variation?
♦ What is the age of the data to be used? What changes have occurred that might affect the 
validity of each data set?
♦ How transparent and authoritative are the data sets?
♦ In developing the life cycle inventoiy for the system, what are likely to be the key data gaps?
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4 How much Foreground system (primary) data will be available? (data accumulated from 
actual processes in the cycle under analysis). If data gaps exist, can Background data be 
used?
♦ Are all the required Background (secondaiy) data available? (data derived for all other 
processes which interact with the Foreground system; from published generic LCA data or 
data found in similar analyses, or from manufacturer’s specification data on consumption of 
energy, water, chemicals etc).
♦  Having determined primary and secondary data needs, what published LCA inventories exist 
which most accurately relate to the specific system under study? For example, of the 
individual chemical inputs in the production stage of the cycle, how many have life cycle 
inventoiy data sets available? In such an example, if an LCA inventoiy does not exist for a 
specific chemical used in a process, it may be possible to use data for a similar chemical for 
which an inventoiy exists. (If such a step is taken, when the whole system inventoiy is 
compiled, it is possible to conduct sensitivity analyses to determine how significant this 
single input is across the whole range of LCA impact categories).
Figure 7.3. relates specifically to the LPfL LCA and demonstrates how a life cycle assessment is 
built up using this inventoiy data accumulation process. The whole LCA process hinges on the 
application of Foreground data derived as a part of the system study and the importation of 
Background data from previously published LCA-based data sets for inputs to the cycle under 
investigation. In this way the fullest picture possible of the environmental impacts of the cycle is 
built up. A number of published life cycle inventories are available via LCA software programs 
such as PEMS4 (PIRA. 2000), (PIRA. 1997).
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Figure 7.3. Simplified plan of (LPfL) LCA inventory construction and data availability
output
^eatery dataujg^
jrfasfiReuNosxsjew
^  published
Clean
Process energy water 
inputs: electricity, 1  
gas, oil, CHP etc 1
Water
treatment
Transportation
steps:
Sea, air, rail, 4 
road haulage etc
Solid waste burdens to 
landfill, incineration, 
compost \
Manufacture/supply of 
product raw material data: 
m etals, Fibres, plastics, glass, 
com posite  materials
Airborne pollution burdens:
others
(Waterborne pollution burdens, 
BOD, COD, nutrification, JOther raw materials associated with 
m anufacture: process chemicals, glues, 
solvents, lubrication oils etc others
Waste material to 
co-product pnrauctionIToished products associated 
witftyystem under analysis: 
Packaging paper or cardboard,
metal bindings, plastic buckets,
pallets ete.
134
7.3.2. Issues to Consider in LCA Data Analysis for the Alternative System(s) to be used in 
the Comparative Analysis Stage
When attempting to compare different product systems, it is important to consider the following 
questions:
♦ What specific products and product delivery systems represent realistic alternatives to the 
system under investigation?
❖ Having determined the principal alternative systems, do published LCAs currently exist?
♦ What is the age of the comparative LCAs? What changes have occurred that might affect 
their validity?
^ How transparent and authoritative are the comparative LCAs?
❖ What are the system boundaries of published LCAs to be used in the comparative analysis? 
Do the system boundaries applied to these studies allow direct comparison with the LPfL 
cycle?
7.4. Applying LCA in the Decision-Making Process
The history of development of LCA has seen two distinct philosophies emerge concerning its 
use. On the one hand, LCA is being developed to assess potential environmental impacts 
without regard to site-specific conditions, and in some cases using generic weighting factors to 
provide single score answers (see, for example, Heijungs et al, (1992a, 1992b) and the approach 
used in the Ecolndicator methodology (Goedkoop, 1995). This kind of use amounts to using 
LCA as a tool. On the other hand, some LCA practitioners argue that the more site-specific and 
qualitative components of LCA are crucial to the results, and this should be recognised in the 
methodology. This approach fits the use of LCA in decision-making processes (Cowell et ai,
1997).
It has to be understood from the outset that LCA, whether used as a process or a tool, fails to 
provide sufficient resolution to provide a stand-alone answer to an environmental decision­
making process. The reasons for this range across a number of issues:
♦ The LCA decision-framework only really addresses the quantifiable technologically- 
based issues associated with environmental impacts of a product or service.
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❖ LCA cannot incorporate environmental impacts which can only be considered in a 
qualitative way. An example in this study is the potential reduction in demand for 
virgin hardwood fibre and the resultant benefit of saving threatened natural 
ecosystems from conversion to non-indigenous plantation land.
4- Whilst an LCA can be designed to consider future scenarios, there are problems in 
considering the strategic context of decisions. For example, whilst an LCA might 
show an environmental advantage for liquid cartons over milk bottles, the LCA is 
unable to consider the full implications of issues such as consumer preference or the 
effect of legislative changes (such as the implementation of a bottle deposit scheme) 
that might increase bottle re-use.
♦ Those making the decision may consider the findings of an LCA to be irrelevant to 
their decision-making agenda.
Life Cycle Assessment provides the opportunity to gain the widest insight possible of the 
potential environmental impacts of providing a product or service. To achieve the greatest 
benefit from LCA, the cardinal rule is that the numbers produced should serve to inform rather 
than deceive the decision-making process. The easiest way to deceive ourselves into 
overestimating the value of LCA is to ignore its limitations and to attempt to oversimplify 
complex problems, many of which can only be considered outside of the LCA process due to 
their qualitative nature.
7.5. Applying LCA in the Decision-Making Process for the Local Paper for London 
Project
Life Cycle Assessment should be viewed as just one of a number of evaluation processes that 
feed into the final decision-making framework. This can be seen in the results provided by the 
Local Paper for London LCA in Sections 10 and 11. The suggested Improvement Assessment 
strategies show the potential to improve considerably on the existing LPfL cycle. Having 
provided that information via LCA, the decision-making process must move on to consider the 
potential benefits in relation to the LPfL’s potential effect on social and economic issues, and 
indeed with respect to site-specific environmental impacts. The decision to adopt and expand the 
Local Paper for London cycle must therefore be further informed by:
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^  The paper industry -  from economic and technical perspectives: is the LPfL cycle 
able to compete with imported paper? Is system integration, as suggested by the 
LPfL LCA, technically and economically feasible?
♦ The waste management industry - from economic and technical perspectives: Is 
increased collection and use of recycled material possible?
♦ UK national and local government -  with respect to (a) green procurement policy 
for paper products and (b) waste strategy and the application of economic 
incentives to increase recycling activity.
4 UK national and local government -  with respect to planning law and 
Environmental Impact Assessment of expanded LPfL production capacity.
♦ Consumers -  (a) as generators of waste (b) as paper buyers and (c) as local residents 
affected by expanded LPfL production capacity.
♦ NGO’s -  as (a) potential supporters of waste reduction and recycling initiatives and 
(b) as potential adversaries of industrial expansion in the South-east.
Section 12.3 draws some final conclusions on how the LPfL LCA can be used within a wider 
decision-making framework to fully consider the environmental, social and economic benefits 
of the cycle.
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SECTION EIGHT
Local Paper for London LCA Goal Definition and Scoping Stage:
Overview of the key environmental issues associated with the production, supply and 
recycling (or alternative disposal) of waste papers, and their impact on the Local Paper for
London cycle.
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8. Local Paper for London LCA Goal Definition and Scoping Stage: Overview of key 
environmental issues associated with the production, supply and recycling (or 
alternative disposal) of waste papers, and their impact on the Local Paper for London 
cycle.
8.1. Introduction.
This section presents the goal definition and scoping stage of the LPfL Life Cycle Assessment 
and sets out the key environmental issues associated with the production, supply and recycling 
(or alternative disposal) of waste papers, and their impact on the Local Paper for London cycle. 
The purpose is to: identify the most likely key impacts in the cycle; broadly consider system 
boundary issues; and explore the most relevant LCA improvement strategies:
In developing this first stage of the LPfL LCA, the following questions are addressed:
- What are the current reasons for such low recovery and utilisation rates for uwf P+W paper 
in the UK?
- Why is so little recycled uwf P+W paper currently made in the UK?
- Where does current scientific opinion stand with respect to the relative environmental merits 
of recycled versus virgin paper production?
- What published LCAs currently exist in this field?
- With respect to any existing environmental criticisms of ‘conventional’ recycled and virgin 
uwf P+W paper production, does the LPfL cycle offer any significant improvements?
- Having considered these scoping and goal definition issues, what directions should the 
improvement strategy for the LPfL cycle take?
- Rather than just analysing and comparing the LPfL cycle as a paper production system, 
what happens to the overall environmental impact profile if Local Paper for London is also 
credited with its role in diverting waste paper from final waste disposal options?
Parts of the answers to some of these questions have of course been raised in preceding sections; 
here, wherever any issue is revisited, it is addressed in terms of the LPfL LCA process. For 
example, forestry issues and importation data were discussed in Section 6. Here, in Section
8.4.1, and 8.4.5, forestry issues have to be revisited to highlight how some ecological impacts 
associated with the sector cannot be analysed within the quantitative LCA framework. Current
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UK recycling strategies, which were discussed in detail in Sections 4 and 5, are revisited in 
Section 8.2. to consider the viability of the LPfL cycle in terms of the efficient use of a valuable 
waste material.
8.2. Current Failings in the Recycling of uwf P+W Paper in the UK.
Uncoated woodfree printing and writing paper is a relatively high quality paper product, 
approaching the top end of the paper quality hierarchy (see Section 2., Table 2.1.). In the UK, 
the recycled content in uwf P+W paper production is veiy low, at 9%, for the following reasons:
Q Consumer Incentive: Commercial consumers do not have a clear economic incentive to
recycle waste paper. Recycling is often motivated solely by a sense of environmental 
altruism in an individual or company. Recycling requires effort with little associated 
economic incentive. It takes effort to instigate an office waste paper recycling scheme. It is 
even harder to ensure that waste paper is sorted into two streams -  white office paper and all 
other paper. The process of sorting paper at the point of ‘desk disposal’ is important since 
sorted white waste paper from offices does have an economic value over and above unsorted 
waste paper. However, from a practical perspective, the differential in price/value between 
mixed paper waste and sorted is small and many companies, particularly smaller businesses, 
may find it difficult to secure a reliable collection contract. All too often the will does not 
exist at company or individual level to make this effort. The real value to the company 
however should be that of the avoided cost of final disposal of volumes of waste paper as 
trade waste. If trade waste costs were to rise, for example by continued increase of landfill 
tax from the current low level in the UK to levels comparable with other countries in 
Western Europe, a greater incentive would arise for commercial consumers to see economic 
as well as environmental value in recycling their waste paper.
0 Sorting and Fibre Downgrading: Current recycling strategies do not efficiently sort paper 
types -  particularly at source, i.e. at the point of consumption where the paper becomes 
waste. Whether from the domestic or commercial waste stream, grades of quality waste 
P+W paper are therefore amalgamated with lower paper grades and are consequently 
routinely used to make lower recycled paper grades. If such printing and writing quality 
paper were sorted, recycled and de-inlced separately on a greater scale, more would be
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available to be reused in quality recycled uwf P+W paper production. One very positive 
advantage of this strategy is that if waste paper is reused in the manufacture of a high quality 
paper product (such as the remanufacture of uwf P+W), then the chances of being able to 
recycle that fibre again after the ‘second’ use are greater. The sooner waste paper is used in 
lower grade products such as packaging material or tissue production, then the sooner it will 
become unrecycleable. When this happens, it must be disposed of as final waste and 
replaced by virgin material. As shown in Section 4, and illustrated in Figure 4.3, if recovered 
uwf P+W fibre is not used in the remanufacture of the same grade, it is commonly used in 
producing tissue paper, which is generally lost to waste after one use.
Relative cheapness of virgin fibre imports: In the current supply and recycling systems, it is 
often cheaper to use imported virgin fibre pulp for printing and writing paper production. In 
some market circumstances, it is even cheaper to import recycled pulp than to produce it in 
the UK from our own waste material.
Lack of recycled production infrastructure leads to low demand in UKfor waste paper 
and results in waste paper exports: As the scale of recycled paper production plants has 
grown, waste paper has increasingly become a globally traded and thus globally transported 
commodity. In the UK in 2000, for example, the waste paper industiy imported 136,030 
tonnes and exported 554,550 tonnes of waste paper (PFGB, 2001). Whilst waste paper has a 
long histoiy of international trade, with the largest trade route traditionally being from the 
USA to Asia (Cesar, 1998), it is clearly logical from an environmental and economic 
perspective to use waste paper primarily within the country of origin. This particularly 
applies in a region such as the UK which lacks significant virgin fibre resources. The 
greatest challenge associated with any recycling strategy is of course to develop production 
systems to make use of recycled material. At a national scale it is accepted that the supply of 
waste material will never perfectly meet demand. Rather than close down a recycled 
production plant because of a shortfall in locally or nationally available raw material, or 
dispose of a nation’s excess recycled material to landfill, it makes sense to seek international 
markets to offload excess or to buy-in shortfalls. It should however be a target of national 
governments to seek to reduce rather than encourage such trade. UK Government initiatives 
such as the Waste Resources Action Plan (WRAP) and the regional Remade programmes 
directly set out to develop local recycled production plants and encourage markets for 
recycled products. In the UK only one significant production plant currently exists that is
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specifically designed to remanufacture uwf P+W paper from UK waste paper; it is only 
capable of meeting some 5% of UK demand. NLK Associates,
The primary objective of the Local Paper concept is to address these issues to encourage more 
recycling and more recycled manufacture capacity.
8.3. Recycled Paper Production and Recent Scientific Debate -  The ‘Recycle versus 
Incinerate’ LCA argument
Whilst the issues raised in 8.2. prevail, it is perhaps understandable that criticisms of the 
economic and/or environmental virtue of existing waste paper recycling systems have arisen. 
During the mid-late 1990’s, a serious debate raged around the issue of whether it was better to 
incinerate waste paper for its energy value rather than recycle it for its material value. The 
conflicting arguments in this ‘recycle versus incinerate’ debate, which arose from a variety of 
published Life Cycle Assessments, serve as a platform on which to consider the merits of the 
Local Paper concept. It is true that some of the overall environmental benefit accrued from 
recycling paper is currently lost in unnecessary transport and sorting energy in poorly conceived 
collection systems and in redistributing waste paper as a commodity traded nationally or even 
internationally (Virtanen & Nilsson, 1993). It is also true that recycled paper production 
generally requires more fossil fuel energy than virgin production (Paper Task Force, White 
Paper No 3. 1995), and that this single issue is the dominant impact in the paper cycle. It is of 
course these issues that the Local Paper for London concept sets out to address.
The LPfL concept first emerged in 1995, virtually coinciding with the new claims from LCA 
studies that recycled paper production was in fact more damaging than virgin production with 
the waste paper used as an energy source. Throughout the period of approximately 1993 to 
2000, intense controversy existed in this field. To provide the full context to this stoiy, it must 
be explained that Life Cycle Assessment as an environmental impact evaluation tool was, in the 
same time frame, rapidly being developed and applied and many groundbreaking studies were 
being conducted for paper products. LCA was not a new tool; it had been around since the 
1970’s, but it was only really in the 1990’s that it took its place as the essential holistic decision­
making tool for evaluating products and services. A number of software packages were 
developed commercially and LCA began to really take off as a discipline from the mid-1990’s. 
In these early days of widespread use, it was recognised that LCA application was not fully
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harmonised and as a result, conflicting outcomes were emerging in the published comparative 
analyses of products or processes (Ekvall & Finnveden, 2000).
In reviewing LCAs in the field of paper production, it must also be considered that a great deal 
of ‘pro-virgin’ LCA findings have in fact been derived from research programmes in countries 
involved in the primary wood fibre industry itself. Bystrom (1997) argues that an increase in 
recycling is not necessarily environmentally beneficial and that the calorific value of paper is 
such that it is best used to derive energy and thus displace the use of fossil fuels in converting 
waste paper to useful fibre pulp. This is by no means a distortion of the truth; the findings do 
however highlight the fact that the true benefit of recycling paper is directly affected by the 
national framework in which the analysis is being made. In Scandinavia, where this study was 
conducted and where wood resources are plentiful and virgin pulp and paper is in fact made 
from a high proportion of renewable energy (from wood residues and hydro-electric power), 
then the concept of recycling paper using fossil fuel to displace virgin production clearly does 
not make sense in a straightforward comparison of paper production systems.
To fully consider the argument it is also essential to move the boundaries of the analysis to 
consider issues associated with the fates of waste paper. The Scandinavian argument, with the 
national background issues of the availability of timber and renewable energy in mind is; don’t 
make recycled paper - but don’t landfill paper, so the Best Practicable Environmental Option is 
to use waste paper as a renewable energy resource and to bum it for energy. Paper is in fact a 
relatively clean energy source (Gottsching, 2000; Johnstone, 2001). Air pollution problems only 
really begin to arise with energy from incineration when it is employed in combusting 
Municipal Solid Waste, where the plastics content primarily produces the key air pollutant 
concerns involving dioxin and furan releases (RCEP, 1993; HMIP, 1995; Allsopp et.al, 2000).
The same theme, considering incineration as a potentially better option than recycling, is 
discussed by among others Kama et. al, (1995) and Komppa, (1993). Virtanen & Nilsson (1993) 
conducted an extensive LCA in this field and determined that the demand for non-renewable 
energy would almost double if recycling rates were increased to a maximum. Such a finding led 
to their conclusion that old newsprint -  a low fibre grade paper -  should be regarded as a biofuel 
to be burnt for energy. In “A Systems Approach to Material Flows in Sustainable Cities: A Case 
Study of Paper” (Leach et al., 1997), the researchers conducted a literature-based study which 
analysed the range of calculated environmental externalities associated with a number of
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different waste management strategies for paper (i.e. operational costs, transport impacts, energy 
costs). Where these externalities are low, recycling was found to be the best practicable 
environmental option. With high externalities, incineration for energy was considered to be the 
best option.
The assessments that have shown an overall environmental advantage for energy recovery rather 
than material recovery have generally only considered either newsprint in isolation or mixed 
waste paper. It is important to note that such studies have concluded that the advantages of 
recovering energy from waste (EfW) are not overwhelming. Also, significantly, all have 
generally ignored the paper grade-specific biodiversity issues discussed in Section 6. To see the 
clearest benefit of recycling paper, one has to look beyond the specific comparison of the virgin
V/ i  1  '  -/ X JL w
and recycled production processes to include the issues of the avoided burdens or consequences 
of not recycling waste paper and not using virgin fibre. These key issues then take on 
geographical or country specific aspects since waste management strategies, the availability of 
forest resources and energy sources all differ and these issues are all implicitly linked to the 
overall ecological and enviromnental benefits of recycling waste paper.
One must also consider the technology-based issues within which waste paper ‘recycle vs. 
incinerate’ LCAs have been developed. Friends of the Earth have argued that a number of LCA 
comparisons have looked at state-of-the art EfW plants and compared them with existing and 
clearly inefficient recycling systems1 (MacGuire & Childs, 1998). This issue alone provided a 
starting point for the development and LCA investigation of the Local Paper for London project; 
it is important to consider how far waste paper recycling systems can be improved such that fair 
comparisons can be made.
Perhaps the peak of the ‘recycle vs incinerate’ argument came in 1997. As a result of the 
literature review by Leach et al. (1997), a front-page article in the New Scientist entitled Burn 
Me (Pearce, 1997) was published suggesting that the green option for waste paper was to burn 
it. A furore of discussion followed this article and finally a thorough and well reviewed LCA
’with respect primarily to energy resource impacts and C02 emissions, but ignoring for example forestry and biodiversity issues,
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looking at newsprint in the UK was published that clearly showed the benefits in the UK (based 
on improving existing levels of waste paper recoveiy) in favour of recycling such paper for its 
material, rather than its energy value (Ecobilan, 1998). This work broadly agreed with an earlier 
detailed LCA study for the British Newsprint Manufacturing Association (Jaakko Poyry, 1995).
For printing and writing papers, the U.S Environmental Defense Fund sponsored Paper Task 
Force Study (Paper Task Force, White Papers No’s 3 & 10A 1995) had also concluded in favour 
of the production cycle they describe as 4recycled production with recycling’2 over 4virgin 
production with landfilling’ and 4virgin production with incineration for energy’. This study 
concluded that the recycled production with recycling system consumed the least total energy, 
but more fossil fuels - marginally more than the virgin system with landfilling and considerably 
more than the virgin system with incineration for energy. The recycled production scenario plus 
recycling also resulted in the least Total Greenhouse Gas and particulate emissions because its 
cycle did not have to account for final landfill and incineration impacts.
In an attempt to resolve and understand the differences in published LCA findings for paper 
production and recycling, Elcvall & Finnveden (2000) have shown that the varying answers have 
been due not so much to the differing production processes but to differences in the LCA 
methodologies applied and assumptions made within the life cycle inventory analyses. Key 
factors identified that affect the LCI outcomes include:
I: The enviromnental gain of waste paper incineration for energy depends on exactly what
energy source is replaced within the national energy supply system under analysis.
II: When recycled fibres replace virgin fibres as raw material for pulp production, the
enviromnental consequences also depend upon the type of pulpwood production system 
being replaced.
Ill: When recycled fibres replace virgin fibres as raw material for pulp production, the
pulpwood requirements for this pulp production are reduced. The enviromnental 
consequences can depend on how these pulpwood savings are actually used.
2 The boundaries o f  this study included collection o f  waste paper, tr ansport, sorting and pre-processing, residuals management 
and disposal, and remanufacturing o f  pulp and paper using recovered fibre. The LPfL system boundary was designed to match 
this with the inclusion o f  the deliver)' o f  finished paper to the consiuner. Sections 9.5.to 9.7. provide full details o f  the system  
boundaries used in the LPfL LCA and by tire Paper Task Force Study for these paper production scenarios.
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These factors are among a number of issues that throw up very important questions which 
demonstrate that the answers to the ‘recycle versus incinerate5 argument are not to be found by 
just looking at the paper production scenarios; one has to consider key stages that occur 
throughout the entire paper life-cycle. These enviromnental and ecological impact issues are 
also clearly paper grade specific and are covered in Section 8.4.
8.4 Key Environmental and Ecological Issues When Comparing M aterial and Energy 
Recovery.
8.4.1. Forestry Issues
Issues concerning paper demand and forestry were covered in Section 6. These same issues 
clearly impact on the decision concerning recycling or incineration, since incineration of waste 
paper maintains demand for virgin fibre. LCA can include quantitative estimates for inputs such 
as energy used in growing, harvesting, transporting and preparing timber. The issue of C02 
sequestration from the trees during their growing cycle can also be quantified. It is also possible 
to develop quantitative data for impacts such as aquatic acidification due to run-off from 
softwood conifer forestry (an impact particularly amplified after forest clear-felling), or soil 
fertility losses from intense plantation forestry.
However, the great benefit to forest systems and biodiversity is that recycling offsets the ever 
increasing demand on forest systems from increased global paper demand. Impacts such as 
biodiversity losses associated with different forest management types, the-effect of micro­
climate changes brought about by new plantation developments, the loss of landscape and 
amenity value can only be truly considered in qualitative ways. Such impacts, which cannot 
simply be overlooked, need to be-layered onto the quantitative LCA results in order to form a 
complete framework by which decisions and value judgements should be made. This is exactly 
how LCA should be used; it is not a tool to simply drive a result down to one comparative 
number. Proper use of LCA allows a complex system to be resolved down to a range of non- 
commensurate issues from which an informed decision-making process can begin. The LCA, 
encompassing quantitative and qualitative assessments does not prescribe a single answer. This 
issue is discussed in further detail in Section 12 and Appendix 1: R4. Recommendations for 
further research.
146
8.4,2. Energy Consumption in Production
When recycled pulp replaces virgin mechanical pulp (used generally for newspaper, packaging 
papers etc) the total energy demand is reduced. Also, the ‘purchased’3 energy demand (energy 
not derived as a renewable energy co-product from the forestry and/or pulping processes) 
is considerably less in the recycled production process for this grade. This is due to the fact that 
the mechanical pulping process for virgin pulpwood is a high total energy consumer and not 
much of this energy is derived as a renewable energy co-product from the forestry and pulping 
process.
When recycled pulp replaces virgin chemical pulp (as used for uwf printing and writing papers), 
the total energy demand is also reduced but the demand for purchased energy is likely to 
increase (Paper Task Force, White Paper No 10A, 1995). This is because the chemical pulping 
process is able to generate fuel as a co-product from virgin timber/bark residues and pulping 
liquor. In contrast, the recycled pulping process is not, as yet, set up to generate a renewable 
fuel as a co-product. Recycled pulp production of printing and writing papers may therefore 
consume more non-renewable fuel than the virgin pulp system that it is replacing This is a key 
issue that is explored in this work in Section 10.4. Key Enviromnental Impacts in the LPfL cycle 
and Sections 11.3 and 11.4., Improvement Assessment analysis, where options to generate 
renewable energy as a part of the LPfL cycle are explored.
8.4,3. Transportation Issues in the Paper Cycle
Because of the pulp inputs used in virgin uncoated woodfree printing and writing paper, i.e. 
primarily hardwood pulps (with relatively high proportions coming from N. America, S. 
America, the Iberian Peninsula and SE Asia), the distance travelled in delivery to the UK 
consumer is higher than for softwood mechanical papers (primarily from Scandinavia, Central 
Europe and N. America). This issue must be considered when assessing the benefits of recycling 
of this specific grade and the LPfL cycle. Data for transport distances to UK consumers for uwf 
P+W paper is given in Table 10.2., Section 10.4.2.
3 Note: ‘Purchased’ energy is primarily derived from fossil sources, but also includes a fraction derived from 
nuclear and hydro or other renewable fuels. The proportion of this fraction obviously varies by country.
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8.4.4. Solid Waste Impacts
The disposal o f process sludge from de-inlting pulp and the manufacture of recycled paper is 
regarded as one of the most significant issues associated with recycled paper production 
(Ekvall, 1996). If comparative LCA studies only consider paper production impacts and fail to 
consider a system-wide view including management of waste from the production phase and the 
fate of paper in the cycle after use, then the sludge from recycling is highlighted as a 
disadvantage in comparison to virgin production or indeed the incineration of waste paper 
(Komppa, 1993). Virgin production does not generate a significant sludge output, while 
incineration produces an ash residue primarily of non-organic constituents (fillers etc) 
representing smaller quantities than from recycled DIP production. In order to make a balanced 
comparison, it is essential to ensure that the solid waste sludge output is not simply viewed as a 
waste; it is often utilised as a raw material for another manufacturing process and the resultant 
avoided burdens must be credited to the recycled production system. The avoided burdens 
methodology, introduced in Section 7.2.3., is applied in the LPfL ‘Base-Case’ cycle where paper 
sludge initially offset the use of lime to agriculture by its application as a soil improver, see 
Section 9.9. In the LPfL LCA improvement assessment strategies the sludge is also viewed as 
an avoided burden by its use at the pulp/paper production facility to generate energy, see section
11.4.
8.4.5. The LPfL Cycle and the Benefits of Avoiding Waste Disposal.
Avoiding Landfill:
If paper is not recycled in the UK, approximately 90% will be disposed of to landfill, with most 
of the remainder going to energy generation from waste (EfW) (DEFRA, 2000). Disposal of 
waste paper to landfill results in significant emissions of carbon dioxide and methane since 
paper is primarily an organic waste. This issue is highlighted by comparison of the improvement 
assessment results given in Sections 11,3 and 11.4. The differences in the results in these 
sections arise because of the way the ‘avoided burden’ of waste paper disposal to landfill is 
handled in the LPfL LCA.
148
In Section 11.3, the waste paper used for LPfL production is viewed as a ‘free’ input since it 
arises as a waste from activities which would be carried out in any case. The corresponding 
system for LPfL is shown in Figure 9.1. This also corresponds to the “recycled production plus 
recycling” system analysed by the Paper Task Force, shown in Figure 9.2. Paper enters the 
system at the point where it becomes available as waste. Therefore collecting and sorting the 
paper and delivering it to the paper reprocessing mill are included, but other “upstream” 
activities associated with making the paper are excluded, consistent with the general approach to 
applying LCA to waste management summarised in Figure 7.2. Similarly, because the system is 
closed for paper fibre, the only waste streams leaving for final disposal are the residuals from 
processing operations.
In Section 11.4, the LCA results are viewed in a completely different way; as explained in 
Section 9.8, the system boundary has been extended to consider the benefit o f the LPfL cycle in 
terms of avoiding the burden of sending waste paper to final waste disposal. The system 
production/recycle/supply cycle remains exactly the same, with one additional distinction; 
instead of viewing the waste paper as free raw material to the production process, the LPfL 
cycle is also credited with the enviromnental impacts avoided by diverting this waste paper from 
the predominant final disposal route for waste paper in the UK, namely landfill. This system 
change to incorporate the avoided burden is represented by the red flow line in 
Fig 9.5., the LPfL avoided burdens ‘Base Case’ system diagram. This does mean that the results 
given in Section 11.4. break with the system boundary convention as used in the Paper Task 
Force Study of paper production scenarios. However, as stand alone LCA results of the overall 
environmental impact profile of the LPfL cycle, these results are reported since they relate 
directly to the two aims of the cycle, which are to produce recycled paper from local waste 
resources and to reduce local waste impacts to landfill.
Avoiding Incineration:
When comparing recycling of waste paper with its use for energy from waste incineration, the
following issues have to be taken into account. If paper is disposed of via an Energy from Waste
(EfW) strategy, carbon dioxide emissions result, but these are offset by the fact that paper is
used as a renewable fuel and thus fossil fuel use is being displaced; i.e. the emissions are part of
the renewable carbon cycle. This of course is a key positive benefit of the Energy from Waste
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disposal strategy for waste papers. However, for this specific grade of paper, this is where the 
argument in favour of incineration for energy weakens when compared to the same analysis 
applied to lower grade papers such as softwood-derived newspapers, packaging materials or 
cardboard. From a Best Practicable Environmental Option (BPEO) perspective, one must 
consider the qualitative upstream issues concerning forestry sustainability, biodiversity and 
resource availability. As discussed in Section 6, the relative availability o f virgin softwood 
resources and the less fragile ecosystem types from which they originate may mean that it is a 
more legitimate option to bum softwood-derived paper for energy and to use softwood virgin 
fibre for papermaking more freely. With respect to papers such as uwf P+W paper, derived 
predominately from hardwood fibre, there is generally a stronger argument for recycling this 
paper back into its own grade to reduce demand for hardwood from non-indigenous plantations 
or natural growth forests. The BPEO for paper should also consider the material value of the 
specific paper grade. Uncoated printing and writing paper is a high quality and highly recyclable 
product that can be potentially recycled up to 5 times. (PIRA International, 1991). Although not 
so readily quantifiable as the impacts covered by LCA, these environmental and economic 
benefits are important considerations in making decisions over the management of this grade of
8.4.6. O ther Impacts
There are of course a number of other environmental impact areas to consider, including water 
use, waterborne pollution and airborne emissions. In LCA studies such as the work conducted 
by the Paper Task Force, 1995, it has generally been concluded that for impacts where data is 
available and reliable, recycling and recycled production is broadly better than or equal to virgin 
production for these impacts, although different paper grades vary (Paper Task Force, White 
Paper No 3. 1995). These issues will be discussed in further detail in the LPfL life cycle 
assessment studies, commencing in Section 9.
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Based on the environmental impact issues discussed above, the LPfL LCA has been directed at 
identifying improvements in parts of the cycle often cited as disadvantages of paper recycling:
8.5.1 Energy Consumption.
Total energy use and primarily fossil fuel use throughout the cycle is far and away the largest 
environmental issue in paper production, use and disposal. The use of energy results in a number 
of enviromnental impacts, for example, C02 emissions which cause global warming. Airborne 
emissions associated with energy use in the cycle also result in photochemical oxidant 
production and ozone depletion. In life cycle analysis it is not only the direct impacts associated 
with energy consumption that are considered; fossil fuel extraction, refining and delivery also 
result in impacts which are allocated to the paper cycle.
For the LPfL cycle to succeed over current recycled production scenarios, strategies to reduce 
total energy use and fossil fuel use are important. Opportunities to achieve this in the LPfL cycle 
arise from the use of waste fibre as a non-fossil fuel in production, and from transportation 
efficiency improvements in the collection of waste papers and delivery of the finished product to 
the consumer.
8.5.2 Transportation
Transportation efficiency is of great importance since transport is regarded as a significant 
contributor to overall environmental impacts in the paper cycle. In a study by the UK-based 
Paper International Research Association (PIRA) it was found that for a modelled European 
virgin production cycle, transport accounted for 11% of oil consumption, 5% of gas 
consumption, 8% C02, 12% VOC, and 20% of NOx emissions (IIED, 1996a).
Increasing the amount of recycled paper production can have very diverse effects on overall
transportation impacts in the paper cycle. Production plant site selection can increase transport
impacts of recycled paper production when a de-inking facility is attached to an existing mill
initially dedicated to virgin production and therefore based at the forest. Such a strategy results
in waste paper travelling some distance from the point of use to the production facility, only to
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8.5. Overview of Environmental Issues to Consider and Improve on in the LPfL cycle.
be returned as a finished product (IIED, 1996a). Paper companies, including M-real, the 
Finnish-based company directly involved in the LPfL cycle via their DIP and papermaking 
production facility in Kent, have deliberately located recycled paper production near to major 
consumption centres.
In addition to contributing to energy consumption, transport contributes to other important 
enviromnental impact categories. Issues such as traffic congestion, noise pollution, human 
health and road safety can all be improved if the impacts associated with waste paper collection 
and finished product delivery are reduced by the improvement strategies suggested for the LPfL 
cycle in Section 11 of this research.
8.5.3 Solid Waste
When waste paper is recycled, some 40% of the raw material input drops out of the cycle as a 
solid waste sludge. As explained in Section 5.2.3., this sludge is comprised of approximately 
40% degraded fibre and 60% non-organic material in the form primarily of filler material 
(Cleansing Service Group, 1999). Rather than treat this sludge as a waste output for final 
disposal, strategies need to be investigated that make use of this material. There is in fact 
nothing new in this approach. Until recently the sludge derived from the production facility 
involved in the LPfL pilot cycle was used by local fanners as a soil-improver. Whilst offering 
some benefits, primarily via the limestone content of the sludge modifying soil pH, this 
approach has some dubious enviromnental credentials. The sludge contains low levels of metals 
and other pollutants; accumulation on land as a result of repeated applications has been a 
concern. Legislation is now in place via IPPC controls that exclude the continued use of this 
option so that other strategies are needed.
In the LPfL LCA Improvement Strategies the sludge stream is used for on-site energy 
generation. Also, energy generation from waste papers not suitable for use in the remanufacture 
of the LPfL product is considered. These options are detailed in Sections 11.3.1. and 11.3.3. 
Another option for the solid waste sludge output of the LPfL cycle involves the production of a 
fibre-based co-product and this option is considered in Section 11.3.2.
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8.5.4. Develop the Local M arket -  Local Production for Local Needs
T he B ioreg ional approach  re lies on  the developm ent o f  local m arkets, w h ich  depends on 
econom ic and  leg islative m easures. T hat said, th is is an area  in w hich  im provem ents in 
envirom nental im pacts in th e  cycle can  have an  effect. As d iscussed  in  Section  4.3.3., currently  
there  is no econom ic incen tive fo r com m ercial consum ers o f  u w f P + W  paper to  im prove their 
w aste paper recycling  efficiency. I f  th e  im provem en t strategies suggested  in  the LC A  have  the 
effec t o f  m aking  increased  p roduction  o f  th e  product m ore  viable, then  clearly  the m arket fo r the  
p roduct m ust be increased  to  ju stify  increased  p roduction  capacity. I f  the  im provem ent strategies 
suggested  in  Section 11 are developed  an d  as the  ‘clo sed -loop’ layers are b u ilt in to  the  LPfL 
cycle, it becom es ev ident th a t strategies fo r im proving  w aste co llection , using energy from  
w aste p ap e r and  im proving transport log istics/efficiency  in  the final delivery  o f  the  fin ished  
LPfL product, all p resen t opportunities to increase  the sales po tential o f  th e  local paper product.
I f  th e  LPfL  cycle can  be designed  to  be  env ironm entally  m ore efficient, then  w ith  respect to  
sales po ten tial, tw o econom ic incentives affec ting  consum er choice m ay possib ly  be  im proved  
sim ultaneously:
° N arrow  the price gap betw een  recycled  u w f P + W  paper and  v irg in  paper; w hich  in  its m ost 
standard  form  (w ith  no eco labels a ttached , fo r exam ple) is generally  m arg inally  cheaper to  
purchase;
® B y stream lin ing  and expand ing  the w aste  p ap e r co llec tion  system , reduce the  cost d ifference 
be tw een  com m ercial w aste d isposal o f  w aste  paper (as charged  by the  local authority) and  
com m ercial co llec tion  fo r th e  LPfL cycle
T he LPfL schem e w ould  appear to  o ffer consum ers the  evidence th a t recycling  w orks and that 
they can  purchase a  genuinely  rem anufac tu red  product. R esearch  carried  ou t in co llaboration  
w ith  this study has confirm ed  th is by  determ in ing  that i f  com m ercial consum ers can  be 
persuaded  to  sort and recycle th e ir u w f P + W  paper and com m it this w aste as a  resource to  the 
LPfL cycle, then  these  consum ers are m ore  likely  to  engage fully  in  the  cycle and  ‘buy-back ’ the  
LPfL  p roduct (SSM R, 2000).
T hese m easures to  im prove the  envirom nental perfo rm ance o f  the L ocal P ap er for L ondon cycle 
there fo re  provide the  focus o f  th e  LC A  and  investigations o f  possib le  im provem ents. T he
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overrid ing  a im  o f  the  research  is to  iden tify  th e  environm ental benefits  to  be gained from  
‘c losing  the  lo o p ’ as tigh tly  as possib le  around  the  consum ption  centre , to m ee t the  B ioreg ional 
approach  ou tlined  in  S ection  1, of:
© loca lising  production , 
o dep loy ing  c lean  techno logy ,
© using  loca l materials, 
o delivering  goods f o r  loca l consum ption, 
o em ploying  loca l labour,
© thus boosting  the loca l econom y.
In  focussing  on  ‘c losing  the  lo o p 5, the  env ironm enta l im provem ent strateg ies considered  in  the 
LPfL LC A  apply no t ju s t to  m ateria l flow s in  the  cycle - from  w aste paper to  recycled product- 
bu t also  to  energy, w aste and  transport flow s. Such th ink ing , the layering o f  ‘clo sed -loop’ 
strategies w ith in  the  LPfL  cycle, provides th e  best fram ew ork  to sim ultaneously  achieve a 
num ber o f  desired  outcom es:
- P roduce an  industrial p roduct b ased  firm ly  on  bioregional principles, no t only fo r the  
p roduct cycle, bu t also tak in g  in  to  accoun t energy, transport and  w aste flow s assoc ia ted  
w ith  the  product cycle.
- D evelop  w aste  strategies th a t apply the  Best Practicable Environmental Option (B PEO ) 
p rincip le , not only fo r th e  p rim ary  w aste  in  the  cycle, nam ely  the  raw  m ateria l used  to 
m ake LPfL, b u t also  fo r the w aste  derived  as by-products o f  the cycle.
- A ddress land-use planning, design for the environment (D fE ) and  Sustainable 
Development issues at the  *Sustainable City * scale.
T he im provem ent strategies developed  in  Section  11 fo r the  LPfL cycle are certain ly  achievable 
an d  clearly  dem onstrate  the po ten tia l fo r m ajo r env ironm ental im provem ents to  a  paper 
p roduction  concep t th a t has already  started  life  w ith  h ig h  envirom nental credentials. T o take on 
board  and  develop  the LPfL im provem ent strateg ies suggested  herein  requires holistic  and 
coheren t th ink ing  and the  un ited  effo rt o f  a  range o f  stakeholders w ho are currently  
unconnected. T he c ity ’s p lann ing  and  w aste  au thorities and goverm nent groups p rom oting  city
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regeneration , w aste  recycling  and  recycled  production , m ust b ring  together com m ercial paper 
consum ers, w aste  co llectors, a  p aperm aker and  an  energy com pany to  fu lfil th e  real po ten tial o f  
the  LPfL  cycle. Only w ith  th a t level o f  in terconnection  in  p lace  w ill it be  possib le  to fully 
in tegra te  the  system  and  close the  loops to  m ake a  tru ly  local paper product, solve a local w aste 
problem  and  im prove transport an d  energy effic iency  in  the LPfL cycle.
155
the L P fL  cycle. O nly w ith  that level o f  in terconnection  in  p lace w ill it b e  possib le  to fu lly  
in tegrate the system  and  close the loops to  m ake a  tru ly  local paper product, solve a  local w aste  
p rob lem  and  im prove transport and  energy  efficiency  in  the L PfL  cycle.
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The Local P ap er for London LCA : Functional Unit, System B oundary  and
D ata  Issues
S E C T IO N  N IN E
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9. T h e  L o ca l P a p e r  fo r  L o n d o n  L C A : F u n c tio n a l  U n it, S y stem  B o u n d a ry  a n d  D a ta  
Issu es
9.1. In tro d u c tio n
T his chap ter starts b y  defin ing  the F unctional U n it (F .U .) o f  the L P fL  LC A ; this describes the 
u n it o f  activ ity  u p o n  w hich  the Im pact A ssessm en t resu lts g iven  in Section  10 and  the 
Im provem en t A ssessm ent S trateg ies in  Section  11 are based.
A s m entioned  in  Section  7 .2 .2 ., once the goal and  the functional u n it have been  determ ined , the 
n ex t step involves defin ing  the processes and  operations w hich  are to b e  included  w ith in  the 
system  boundary  o f  the study. F rom  th is po in t, as the analysis p rogresses into the inventory  
analysis stage, issues are likely  to arise concern ing  d a ta  availability . R easons fo r this are varied  
and can  include restric tions on  access to data  due to  com m ercial confidentiality , o r a  lack  o f  
specific  data  being  read ily  available . M any  such  data  availab ility  prob lem s can  be overcom e; 
agreem ent on  the use  o f  com m ercially  sensitive data in  one stage o f  the life cycle can  for 
exam ple b e  ach ieved  on  the understand ing  th a t the  data  cannot be iden tified  in  the study results; 
background  life cycle data  found  to be m issing , fo r exam ple for one raw  m ateria l input or m ode 
o f  transport, can  be substitu ted  w ith  a s im ilar a lternative i f  a su itab le n ea r m atch  can be found.
In  som e circum stances the scope o f  the study  m ay  have to be m odified  w here it becom es 
apparen t th a t data  fo r a specific  part o f  the life cyc le  m ay  be  im possib le to  obtain  and  no 
sa tisfac to iy  substitu te exists. F o r all these situations, sensitiv ity  analysis can  be  used  to 
determ ine the im pact o f  data defic iencies and /o r om issions on the final L C A  resu lts (C ow ell, 
H o g an  and  C lift, 1997). Sections 9.9 to 9.11 p rov ide detail o f  data  orig ins, defic iencies and 
om issions for the L P fL  LC A .
9.2. A p p lic a tio n  o f  L ife  C ycle  A sse ssm en t S o ftw a re  in  th e  L P fL  L C A
T he L ocal P ap er fo r L ondon  L C A  w as conducted  using  the P aper Industry  R esearch  A ssocia tion  
(P IR A ) P E M S 4 L C A  softw are, V E R S IO N  4.7 , 2000 (PIR A . 2000), P IR A . 1997). P IR A  have 
tak en  an  active ro le in  rev iew ing  key  stages o f  developm ent o f  the L PfL  LC A .
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9.3. Functional Unit of the Local P aper for London LCA
P aper industry  perform ance criteria  recognise that there are no sign ifican t functional d ifferences 
betw een m odem  100% recycled  and v irg in  u w f P+W  papers. Thus, the functional unit show n 
below  allow s fair com parison  o f  the product delivered  by the LPfL supply  cycle  w ith the supply  
o f  the sam e grade o f  v irgin paper and  conventional recycled  paper to com m ercial consum ers in 
the L ondon region.
The Local Paper for London LCA Functional Unit is described as:
The production o f 1 tonne o f 80 gsm uncoated woodfree printing and writing 
paper, cut, packaged in A4 reams and delivered to London consumers.
N ote: gsm  is gram m es per square m etre. 80 gsm  is the com m onest form  o f  u w f P+W  paper used  
in com m ercial prem ises.
It is w orth  poin ting  out that tw o o r three decades ago, the quality  and perform ance o f  som e 
100% recycled  u w f P+W  papers, com pared  to  v irg in  paper, used to be called  into question. For 
exam ple, low  quality  recycled  grades cou ld  lack the required  stiffness and tear-strength  such 
that double sided prin ting  o r pho tocopy ing  cou ld  p resent a problem  due to ink b leeding onto the 
rear face o f  the sheet. I f  the sam e perfo rm ance d ifferences prevailed  today then  selection  o f  an 
F.U . for th is study w ould  have been  less straigh tforw ard ; rather like the com parison  o f  paper and 
plastic superm arket bags, as d iscussed  in section  7.2.2., it w ould  have been necessary  to assign  a 
differen t F.U . In such a case, in o rder to reflect the perform ance differences, the functional unit 
w ould  have to be based on the quan tity  o f  paper upon  w hich  a specified  task  could  be 
perform ed. A suitable F.U. form at w ould  have been: The production o f  a quantity  o f  80 gsm  
uncoated w oodfree prin ting  and  w riting  paper (cut, packaged  in A4 ream s and delivered  to 
London consum ers), upon w hich  x thousand sides o f  a standard  text can  be satisfactorily  
printed. T his m ore com plex functional unit w ould  thus be able to fairly reflect the better 
perform ance o f  the virg in  product w here double sided prin ting  is possib le  and only h a lf  the 
num ber o f  v irg in  sheets need be used, com pared  to the 100% recycled paper.
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9.4. R e s e a rc h  S cope
T he specific deliverables o f  the L P fL  L C A  research  are:
♦  D escribe the ex isting  ‘B ase-C ase’ L ocal P ap er fo r L ondon  cycle.
♦  D evelop  the L C A  inven to iy  analysis o f  the L P fL  ‘B ase-C ase’ and  consider issues 
associa ted  w ith  ‘avo ided  b u rd en s’ and  ‘im pact a lloca tion ’ in  the L P fL  cycle.
$  Iden tify  key  env ironm enta l im pacts assoc ia ted  w ith  the L P fL  ‘B ase-C ase’ cycle.
♦  D evelop  im provem ent strateg ies to app ly  to the ‘B ase-C ase’ scenario .
♦  T est and  in terpret im provem en t strategies.
W here  possib le , com pare key  env ironm enta l im pacts betw een  the  L PfL  cycle and 
o ther supply  system s.
♦  S uggest further areas o f  com plem entary  research .
9.5. S y s tem  B o u n d a ry  D e fin itio n  o f  th e  L o c a l P a p e r  fo r  L o n d o n  L C A
T he system  fo r p roducing  L ocal P ap er fo r L ondon  recycled  paper is show n in  ou tline in 
F igure 9.1. T he cycle show n represen ts the  system  b o u n d ary 1 for the L P fL  L C A  ‘B ase-C ase’. In  
o ther w ords, this show s how  the system  curren tly  w orks, before exploring  alternative strategies 
that em erge from  the Im provem ent A ssessm en t stage o f  the L C A , as deta iled  in  Sections 11.3 
and  11.4. T he  im provem ent strateg ies suggested  address the key  im pact areas o f  the cycle, first 
identified  in  the scoping  stage and  deta iled  in  Sections 8.4 and 8.5.
A s exp lained  in  Section  3, B ioR egional D evelopm en t G roup have actively  p rom oted  the 100%  
recycled  L ocal P ap er for L ondon  system  am ong consum ers, collectors, sorters, d istribu tors, a 
p rom inen t recycled  p ap e r m aker and  m erchants. A ll are w ith in  the L ondon  reg io n  and  all have 
p rov id ed  data  fo r the LC A . T his cycle has b een  in  operation  for 4  years and  the 100% recycled  
L P fL  p roduc t has been  available to  L o n d o n ’s com m ercial consum ers d m in g  this tim e. T o-date, 
approx im ately  600 L ondon businesses are invo lved  in  the L PfL  cycle in  w hich , as show n in 
F igu re  9.1., consum ers send  th e ir appropriate  w aste  paper to the L PfL  p ro d u cer and  the sam e 
consum ers ‘b u y -b ack ’ the L P fL  product. D in in g  the Im provem ent A ssessm ent phase o f  the 
L C A , options are explored  to develop  the L P fL  process w ith  g reater in tegration  o f  m ateria l and 
energy  flow s.
'S y s te m  boundary m ethodology in L C A  is explained in  Sections 7.2.2 &  7.2.3.
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N o sim ilar life cycle  assessm ent has been pub lished  before and no life cycle inventory  w as 
availab le g lobally  for the specific de-ink ing /re-pu lp ing  and paperm aking p lants investigated, 
both o f  w hich are s ta te -o f the-art system s w ith  environm ental m anagem ent accreditation 
accord ing  to ISO  14001.
F ig u re  9.1. T h e  L o ca l P a p e r  fo r  L o n d o n  ‘B ase -C a se ’ S cen a rio
S y s t e m  b o u n d a ry
W a ste  Pa p e r  C o lle c t io n W a ste  Pa p e r S o r t in g W a s te  Pa p e r  D is t r ib u t io n
fro m  L o n d o n  O f f ic e s O p e ra t io n
C u rre n t  
U K  W a ste  
D is p o s a l
‘o the r pa pe r 
in p u ts ’
S o i l  Im p ro v e r
Pa pe r W a s te
Pa p e r  S lu d g e
E n e rg y :  C H P  
fro m  fo s s i l  fue l
R e c y c le d  F ib re  P lan t 
D e - in k in g  and  
re -p u lp in g  p ro ce ss
----------- T -------------- -------- #----------------
D is t r ib u t io n  o f  10 0 % P a p e rm a k in g  P roce ss.
Pa pe r U s e  in  C o m m e rc ia l re c yc le d  g ra p h ic s  pape r to 1 0 0 %  re c y c le d  g ra p h ic s
P re m ise s L o n d o n < - pa pe r p ro d u c tio n
N ote : - T h e  g re e n  a r ro w s  illu stra te  the L P f L ‘B a s e -C a s e ’ cyc le .
- T h e  s im p lif ie d  f lo w  d ia g ra m  o m its  m ate ria l a n d  e n e rg y  in p u ts  and  w aste  f lo w s  a s so c ia te d  w ith  the cyc le , 
w h ic h  o c c u r  a c ro s s  v ir tu a lly  a ll stage s
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9.6. System B oundary Definition of The P aper T ask  Force Study
F o r reasons set ou t in  S ection  8, resu lts o f  the L P fL  L C A  can  be com pared  w ith  the m ost closely  
com parable study  found in  the literature, carried  out by  the  U S P aper T ask  F orce  (P aper T ask  
Force, W hite  P ap er N o. 3, 1995). W ith  respec t to ‘o ffice-g rade’ paper, the P aper T ask  Force 
analysed  three paper p roduction  scenarios; recycled  p roduction  w ith  recycling ; v irg in  
p roduc tion  w ith  landfilling , and  v irg in  p roduction  w ith  incineration  fo r energy. T ab le 9.1. lists 
the activ ities included  in  the system s ana lysed  in  P ap er T ask  F orce S tudy an d  F igures 9.2 to  9.4. 
show  the system  diagram s for each  scenario .
T a b le  9 .1 . S y stem s co v e red  b y  th e  re le v a n t  P a p e r  T a s k  F o rc e  S tu d y  an a ly se s
P a p e r  p ro d u c tio n  
sy s tem  s tu d ie d
S y stem  B o u n d a ry  o f  th e  s tu d y  in c lu d es :
recy c led  
p ro d u c tio n  w ith  
re cy c lin g
M ateria l co llec tion  (kerbside co llection, com m ingled  o r source 
separated; d ro p -o ff o r buy  b ack  centres; com m ercial collection); 
transport; p re-p rocessing  at m ateria l recovery  facilities (M R F ’s); 
residuals m anagem en t and  disposal; transport o f  p rocessed  
recovered  m ateria l to the m anufactu ring  site, fo llow ed  by  
rem anufac tu ring  o f  pu lp  and  paper using  recovered  fibre.
v irg in  p ro d u c tio n  
w ith  lan d fillin g
H arvesting  o f  trees, transporting  o f  logs (o r chips) to  the  m ill, 
debark ing  and  ch ipp ing  and  m anufacture o f  pu lp  and  paper using 
v irg in  fibre; fo llow ed  by: w aste  collection  and  transport; 
p lacem en t in  landfill; generation  o f  leachate and  leachate 
m anagem ent, trea tm en t and  disposal; generation  o f  landfill gas, 
possib le  recovery  and  u tilisa tio n  o f  such  gas (energy  production); 
and  land  u se  issues ,
v irg in  p ro d u c tio n  
w ith  in c in e ra tio n  
fo r  e n e rg y
H arvesting  o f  trees, transporting  o f  logs (o r chips) to  the m ill, 
debark ing  and  ch ipp ing  and  m anufacture o f  pu lp  and  p ap e r using  
v irg in  fibre; fo llow ed  by: w aste  collection  and  transport; possib le  
pre-p rocessing  at the incinerator; the incineration  p rocess and 
m anagem ent o f  a ir em issions; energy  generation; ash 
m anagem ent (storage, transport) and disposal; generation  o f  ash 
leachate, leachate m anagem ent, treatm ent and  d isposal
P a p e r  T a s k  F o rc e . W h ite  P a p e r  N o  3 ,1 9 9 6 .
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F ig u re  9.2. S y stem  D ia g ra m : P a p e r  T a s k  F o rc e  S tu d y  o f ‘office p a p e r ’ m a d e  by recy cled  
p ro d u c tio n  w ith  recy clin g .
S y s t e m  b o u n d a ry
N ote : A s  s h o w n  in  T a b le  9.1., in  the Pa p e r  T a s k  F o rc e  L C A ,  im p a cts  a sso c ia ted  w ith  the d is t r ib u t io n  o f  f in ish e d  
p a pe r to the c o n su m e r  are e x c lu d e d  fro m  the study. T h e  F .U .  is  1 tonne  o f  m a n u fa c tu re d  a n d  p a ck a g e d  
paper.
F ig u re  9.3. S y stem  D ia g ra m : P a p e r  T a s k  F o rc e  S tu d y  o f ‘office p a p e r ’ m a d e  by  v irg in  
p ro d u c tio n  w ith  lan d fillin g . System boundary
N ote : A s  s h o w n  in  T a b le  9.1., in  the Pa p e r  T a s k  F o rc e  L C A ,  im p a c ts  a sso c ia ted  w ith  the d is t r ib u t io n  o f  f in ish e d  
pa p e r to the c o n su m e r  are e x c lu d e d  f ro m  the study. T h e  F .U .  is  1 tonne  o f  m a n u fa c tu re d  a n d  p a ck a g e d  
paper.
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F ig u re  9.4. S y stem  D ia g ra m : P a p e r  T a s k  F o rc e  S tu d y  o f  ‘office p a p e r ’ m ad e  b y  v irg in  
p ro d u c tio n  w ith  in c in e ra tio n .
S y s t e m  b o u n d a ry
N ote : A s  s h o w n  in  T a b le  9.1., in  the Pa p e r  T a s k  F o rc e  L C A ,  im p a cts  a ssoc ia ted  w ith  the d is t r ib u t io n  o f  f in ish e d  
pa pe r to the c o n su m e r  are e x c lu d e d  f ro m  the study. T h e  F .U .  is  1 tonne  o f  m an u fa c tu re d  a n d  p a ck a g e d  
paper.
The system s analysed  in the Paper T ask  Force S tudy represent d ifferent scenarios for the 
production  o f  v irg in  and recycled  paper. T hus the d ifferences betw een the LC A  results for the 
three system s show  the com parison  betw een  recycling, landfilling and incineration  for this 
specific grade o f  paper under US conditions w ith  average m id -90 ’s technology. O f  the three 
scenarios, “ recycled  p roduction  w ith recycling” (F igure 9.2.) is essentially  the sam e as the LPfL  
system . Paper enters the system  at the po in t w here it becom es available as w aste , and the only 
m aterial outputs are residuals from  processing  operations, including fibre rejects and sludge 
losses, w hich  m ust go to som e form  o f  final d isposal such as landfilling. H ow ever, in the o ther 
tw o Paper T ask  Force scenarios, v irg in  fibre is used once only as paper. T herefore these 
scenarios include im pacts from  forestry , transport and  processing  o f  w ood and  from  final 
d isposal o f  paper after use. T his approach  follow s the general m ethodology d iscussed  in Section
7.2.2. and sum m arised  in F igure 7.2. T he com m on basis for com parison  betw een the scenarios is 
the functional un it w hich  is based  on  the use o f  the paper.
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O ne k ey  d ifference betw een  the F .U ’s o f  the  stud ies w as that the L P fL  L C A  included  final 
delivery  to consum ers w h ilst the P ap er T ask  F orce  S tudies did not. B y  determ in ing  average 
transport energy im pacts fo r conven tional v irg in  and  recycled  paper supplies to  U K  consum ers 
from  data g iven  in  Sections 6.8. and  6.9., it w as possib le  to add these final delivery  im pacts such 
that the F .U . and  system  boundary  (see Sections 7 .2 .2  &  7.2.3.) )o f  the P ap er T ask  Force S tudy 
m atched  th a t o f  the L P fL  LC A . A  com parison  o f  these transport im pacts is g iven  in Section
10.4.2. T he inclusion  o f  this data  m ade it possib le  to com pare the life-cycle energy  im pacts o f  
b o th  studies. D iscussion  on the usefu lness o f  this com parison  is g iven  in  the fo llow ing  section.
9.7. C o m p a riso n s  B etw een  th e  L P fL  L C A  a n d  th e  P a p e r  T a s k  F o rc e  S tu d y
A s exp la ined  in  T ab le 9.3. w here  data  gaps in the L P fL  L C A  are h igh ligh ted , little  can  be done 
in  term s o f  deta iled  com parative analysis b e tw een  the L P fL  L C A  and  the P ap er T ask  Force 
Study. T his is because the  data  pub lished  in  the  P ap er T ask  Force S tudy lacks specific 
in fo rm ation  abou t the p roduction  system s analysed. N o  detailed  technical data  is g iven 
concern ing  the p roduction  p lan t types; th e ir age; the fue l types u sed  and  p roduction /generation  
p lan t system  efficiencies; the chem icals used, no r the  transporta tion  m odes em ployed  a t various 
stages in  the cycle. A s a  result, no com parisons can  be  m ade w ith  any  confidence fo r im pact 
categories such  as G lobal W arm ing  Po ten tia l, O zone D epletion , A cid ification  and 
P ho tochem ical Sm og Production.
I t  has how ever been  possib le  to draw  com parisons betw een  the tw o L C A s fo r the p redom inan t 
env ironm enta l im pact category, nam ely  energy  use  in the paper p roduction  cycle , as d iscussed  
in  Sections 8.4.2 and  8.5.1. E nergy  use is c ited  as b y  far the largest sing le con tribu to r to  the 
env ironm enta l im pacts in  the p ap e r cycle  (IIED , 1996) and  even though site-specific and 
coun try  specific  com parisons canno t be  draw n, a  sim ple com parison  can  be m ade because 
equ ivalen t system  boundaries can  be  used . T he resu lts are g iven  in Section  10.4.1. B oth  the 
L P fL  and  P ap er T ask  F orce S tudy L C A  resu lts are  p resen ted  as characterised  im pact assessm ent 
resu lts and  are no t norm alised  so that this stra igh tfo rw ard  com parison  can  b e  m ade; see S ection
7.2.4. fo r details o f  L C A  charac terisa tion  and  n o rm alisa tion  processes.
F o r any  fu rther com parative analysis to  b e  undertaken , fu ll access to the P ap er T ask  Force
S tu d y ’s background  data w ould  be  req u ired  in  o rder to determ ine exactly  w h a t energy  sources
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w ere u sed  and w hat fossil fuel types p rov ided  the  pu rchased  energy. T his course o f  ac tion  cou ld  
no t be  undertaken  as a p a rt o f  the life cycle assessm ent and  im provem ent strategy  developm ent 
o f  the L P fL  cycle. C onclusions concern ing  the d ifficulties encountered  in  attem pting to m atch  
the resu lts o f  d ifferen t L C A s are g iven  in  Section  12.5.
9.8. S y s tem  B o u n d a ry  Issu es  a n d  ‘A v o id ed  B u rd e n s 5 in  th e  L o ca l P a p e r  fo r  L o n d o n  
C ycle
In  Section  7 .2 .3 ., the “avo ided  bu rdens” approach  w as introduced. It is used  in  L C A  w here 
reco v eiy  o f  m aterials o r energy  can  disp lace background  econom ic activ ity , fo r exam ple by 
y ie ld ing  usefu l co-products o r avo id ing  a subsequen t w aste  im pact. A s d iscussed  in  Section
8.5.5, the la tter is considered  in the L P fL  L C A  w ith  respect to the avoidance o f  w aste  paper 
going to landfill. T he L PfL  L C A  is considered  w ith  and w ithou t the avoided  burdens in the 
fo llow ing  w ay  and fo r the fo llow ing  reasons:
1. T he L PfL  ‘B ase C ase’ analysis determ ines the environm ental burdens o f  the  system  show n 
in F igure  9.1. w ithou t considering  the a vo id ed  burdens  associated  w ith  the alternative fates 
o f  w aste  p ap e r i f  it w ere no t u sed  in  the L ocal P ap er for L ondon cycle. T he system  boundaiy  
fo r the cycle  stud ied  is th a t show n in  F igure  9.1 b y  the green  line th rough  the stages o f  paper 
p roduction , recycling  and  re-supp ly  to the  consum er. T his approach provides a p icture o f  the 
actual environm ental burdens d irectly  assoc ia ted  w ith  the recycle/production /supply  cycle; 
i.e. the d irec t burdens o f  the L P fL  p ap e r supply  system . This analysis also m irrors the 
system  boundary  used  in  the P aper T ask  F orce S tudy fo r ‘recycled  paper p roduction  p lus 
recy c lin g ’, as show n in  T able 9.2, and  F igure 9.2. and  thus it is possib le  to consider the life 
cycle energy  com parisons, as d iscussed  in S ection  9.6. T he results o f  the L P fL  ‘B ase C ase ’ 
im pact assessm ent are g iven  in  Section  10. T he resu lts and  full explanations o f  the suggested  
environm ental im pact im provem ent strateg ies fo r the L PfL  ‘B ase C ase’ cycle  are g iven  in  
S ection  11.3.
2. In  T he L P fL  avo ided  burdens  ‘B ase C ase ’, the system  boundaiy  is changed  by  the addition
o f  the p o s itiv e  credits  that arise from  the a vo id ed  burdens  o f  the L PfL  cycle by  virtue o f  the
fact that it d irectly  contribu tes to the reduction  o f  paper being  sent to final w aste  d isposal in
landfill. T he only  change to  the system  b o u n d aiy  is that now  the L PfL  cycle show n in  F igure
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9.5. is cred ited  w ith  the burdens avo ided  by d iverting  the flow  o f  used w aste  paper from  
final disposal. This is represented  by the red arrow  w hich denotes the (avoided) route o f  
w aste paper leaving the use phase for final d isposal i f  it w here not recycled  in the LPfL 
cycle. As explained  in Section 8.4.5, m odification  o f  the system  boundary  in this m anner 
enables the analysis to be re la ted  directly  to the tw o aim s o f  the L PfL  cycle: to produce 
recycled  paper from  local w aste  resources a n d  to reduce local w aste im pacts to landfill. T he 
LPfL avo ided  burdens  ‘B ase C ase ’ Im pact A ssessm ent results are show n next to those for 
the LPfL  ‘Base C ase’ in Section 11.4.3. T he results and full explanations o f  the suggested  
environm ental im pact im provem ent strateg ies for the LPfL ‘avoided  burdens B ase C ase ’ 
cycle are also given in Section  11.4.5.
F ig u re  9.5. T h e  L ocal P a p e r  fo r  L o n d o n  av o id ed  b u rd e n s  ‘B ase -C a se ’ S cen a rio
W a ste  P a p e r  C o lle c t io n W a s te  P a p e r  S o r t in g W a ste  Pa p e r  D is t r ib u t io n
fro m  L o n d o n  O f f ic e s
' v
O p e ra t io n
R e c y c le d  F ib re  P lan t 
D e - in k in g  and  
re -p u lp in g  p ro ce ss
----------- T --------------  ------*----------------
D is t r ib u t io n  o f  1 0 0 % P a p e rm a k in g  P roce ss.
Pa p e r  U se  in  C o m m e rc ia l re c y c le d  g ra p h ic s  pape r to 1 0 0 %  re c yc le d  g ra p h ic s
P re m ise s < -
L o n d o n
4 -
pa pe r p ro d u c tio n
N ote : - T h e  g reen  a r ro w s  illu stra te  the L P f L  ‘B a s e -C a s e ’ cyc le .
- T h e  red  a rro w  ind ica te s  the sy s te m  e x te n s io n  a p p lie d  to the L P f L  avoided burdens ‘B a s e -C a s e ’ w h e re  
the c y c le  is  cred ited  w ith  d iv e r t in g  th is  w a ste  fro m  fin a l d isp o sa l
- T h e  s im p lif ie d  f lo w  d ia g ra m  o m its  m ate ria l a n d  e n e rg y  inp u ts  and  w aste  f lo w s  a sso c ia ted  w ith  the cyc le , 
w h ic h  o c c u r  a c ro ss  v ir tu a lly  a ll stage s
1 6 6
In  conducting  the L ocal P aper fo r L ondon  L C A  research , p rim ary  data  has been  com piled  for 
the fo llow ing  process stages m ak ing  up  the system  show n in  F igure 9.1:
♦  W aste paper co llec tion  from  com m ercia l p rem ises in  the L ondon reg ion
❖ W aste paper sorting  operations in  the L ondon  reg ion
4  W aste p ap e r transport from  sorting  operations to a  100%  recycled  paper p roduc tion  p lan t
located  in  S outh-east E ng land  
^  D e-ink ing  and  re-pu lp ing  o f  w aste  p ap e r at the R ecycled  F ib re P lan t (R C F plant)
#  W aste P ap er sludge d isposal
9  P roduction  o f  100%  recycled  u w f  P+W  paper
♦  D istribu tion  o f  100%  recycled  u w f  P + W  paper to com m ercial consum ers in  L ondon
T he m ost s ign ifican t aspect o f  the L ocal P ap er fo r L ondon  L C A  has b een  the developm ent o f  
p rim ary  data fo r the co llec tion /so rting  system  and  the de-ink ing/re-pulp ing  and  paperm aking  
phases. T he p roduction  p lan t m od elled  includes a  purpose  bu ilt recycled  fibre p lan t 
com m issioned  in  1996 and  an associa ted  paperm ak ing  p roduction  line located  on the sam e site. 
T he R C F  p lan t m odelled  is a  state-o f-the art m ill w ith  the fo llow ing env ironm ental credentials:
- C h lorine-free pulp b leach ing  agents used.
- P rocess em issions to atm osphere v irtually  e lim inated  (as confirm ed by  E nvironm ent A gency  
R elease  In ven to iy  docum entation)
- P rocess energy  (steam  and electricity) generated  o n  site by  C H P p lan t
- F reshw ater u sage m in im ised  by  em ploy ing  b ackw ater from  ad jacen t paperm aking  plan t
- L ow  w aterborne em issions (as confirm ed  b y  E nvironm ent A gency  R elease  Inven to iy  
docum entation)
- Pulp  sludge curren tly  u tilised  as a  lim e substitu te  so il enhancer to  agricu lture
- N eg lig ib le  no ise  and  odour po llu tion
P rim ary  data  fo r the o ther process stages generally  involved  aggregated  transporta tion  im pacts 
and  sm all im pacts associa ted  w ith  on-site  energy  u se  and packaging  m ateria l consum ption  in the 
co llection, sorting  and  d istribu tion  phases. T ab le 9.2. p rovides details o f  the accum ulated  life 
cycle  inven to iy  data.
L ife cycle inven to iy  data  accum ulation  w as conducted  over the period  1998 to  2000. A ll data 
have been  developed  to p rov ide average reco rded  im pacts over a full y ea r’s operation. M o st data
9.9. D ata Com pilation for the Local P aper for London LCA
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relate to the period  A pril 1999 to A pril 2000. N ew  data sets for energy consum ption  and sludge 
generation  for the RCF and Paperm aking  p lants had to be used fo llow ing data  accuracy 
investigations during N ovem ber 2000 to A pril 2001. The new  data re la ted  to figures for A pril 
2000 to  A pril 2001. This data w as used  alongside the orig inal 1999-2000 data  for the rest o f  the 
cycle, hav ing  first determ ined  that this ad justm ent w ould  not d istort the re levance and  findings 
o f  the study.
T a b le  9.2: D e ta il o f  p r im a ry  d a ta  fo r  L o ca l P a p e r  fo r  L o n d o n  life cycle in v en to ry .
P ro cess  S tage P r im a ry  D a ta D etail
W a ste  P a p e r  C o lle c t io n T ra n sp o rta t io n  im p a cts D e r iv e d  fro m  q u e st io n n a ire s  to L o n d o n  
ba se d  w a ste  pa pe r c o lle c t io n  c o m p a n ie s
W a s te  m ate ria l im p a cts
W a s te  P a p e r  S o r t in g T ra n sp o rta t io n  im p a c ts D e r iv e d  f ro m  q u e st ion n a ire s  to L o n d o n
P ro c e s s  e n e rg y  im p a cts b a se d  w a ste  p a p e r  s o r t in g  co m p a n ie s
W a s te  m ate ria l im p a cts
W a s te  P a p e r  D is t r ib u t io n T ra n sp o rta t io n  im p a c ts D e r iv e d  f ro m  q u e st ion n a ire s  to L o n d o n  
b a se d  w a ste  p a p e r s o r t in g  c o m p a n ie s
R e c y c le d  F ib re  P la n t  de ­
in k in g  a n d  re -p u lp in g
P ro c e s s  e n e rg y  (e le ctric ity  a n d  steam ) N a tu ra l g a s  c o n su m p t io n  fo r  on -s ite  C H P  
p lan t
P ro c e s s  w ate r ( in p u ts  an d  e m is s io n s ) F re sh  w a te r inpu ts, re c yc le d  w ate r and  
e m is s io n s  f r o m  treatm ent plant. E .A .  
re lease  data
W a s te  p a p e r inp u t S ite  c o n su m p t io n  reco rd s
P ro d u c t io n  ch e m ic a ls S ite  c o n su m p t io n  re c o rd s  a n d  ch e m ic a l 
p ro d u c t  data sets
S lu d g e  ou tp u t a n d  u se S lu d g e  sp e c if ic a t io n  fo r  cu rren t u se  a s  s o il  
im p ro v e r  to ag ricu ltu re .
A n a ly s i s  o f  s lu d g e  u se  in  e n e rg y  from  
s lu d g e  p lan t -  to be  c o m m is s io n e d  2 0 0 2
O th e r  inp u ts V e h ic le  d ie se l c o n su m p t io n
W a s te  ou tp u ts F ilte re d  p la s t ic  a n d  m eta ls ou tp u t to 
la n d fill
R e c y c le d  p a p e rm a k in g P ro c e s s  e n e rg y  (e le ctric ity  a n d  steam ) N a tu ra l g a s  c o n su m p t io n  fo r  on -s ite  C H P  
p lant
P ro c e s s  w ate r ( in p u ts  a n d  e m is s io n s ) F re sh  w a te r inp u ts, re c yc le d  w ate r an d  
e m is s io n s  fro m  treatm ent plant. E .A .  
re lease  in v e n to ry  data
R C F  p u lp  inp u t S ite  c o n su m p t io n  re c o rd s
P ro d u c t io n  c h e m ic a ls S ite  c o n su m p t io n  re c o rd s  an d  ch e m ic a l 
p ro d u c t  data  sets
O th e r  In p u ts V e h ic le  d ie se l c o n su m p t io n
P a c k a g in g  in p u ts C a rd b o a rd , f ilm , pa pe r p a c k a g in g  and  
pa lle ts  fo r  p ro d u c t  p a c k a g in g  in to  b o x e d  
rea m s
W a s te  ou tp u ts P a c k a g in g  w aste  ou tpu t to la n d fill
D is t r ib u t io n  o f  1 0 0 %  re cyc le d  
g ra p h ic s  pa pe r to L o n d o n
T ra n sp o rta t io n  im p a cts F r o m  tran spo rt  lo g is t ic s  data
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All re levant life cycle inventory  data and re levant Im pact A nalyses are to be found in 
A ppendix  6. F or reasons o f  com m ercial confidentia lity , it has been necessary  to om it certain  
data  sets from  this publication. (See A ppendix  6 for further detail).
9.10. P ra c tic a l  D ev e lo p m en t o f  th e  L P fL  L C A
T he life cycle assessm ent o f  the Local P aper for L ondon cycle w as carried  out over tw o stages. 
T his w as necessary  in order m anage the data in the LPfL  LC A  in term s o f  softw are requirem ents 
and to develop  the correct final functional un it as the basis for analysis.
S tag e  1: P u lp L P F L  ‘B ase -C a se ’ L C A . F igure 9.6. show s the PEM S4 system  flow  sheet for the 
Stage 1 PulpL PFL  ‘base-case’ LC A . T his analysis covers the cycle from  d isposal after the paper 
use phase, through w aste paper co llection  and sorting and up to the production  output o f  pulp at 
the R ecycled F ibre P lant (R C F). S tage 1 has a functional unit o f  1 tonne o f  fin ished 100% 
recycled  LPFL  pulp.
1 6 9
S tag e  2: L P F L  L C A . F igure 9.7. show s the PE M S4 system  flow  sheet for the Stage 2 LPFL  
‘B ase-C ase’ LCA. The required  am ount o f  fin ished  pulp is im ported  from  Stage 1; therefore 
Stage 2 includes S tage 1 LC A  data for w aste paper collection  and pulp m anufacture etc. From  
here the analysis covers the steps from  the paperm aking  process (including  the use o f  pu lping 
chem icals and the addition  o f  non-organic fillers etc.), cutting, packaging , and final delivery  o f  
the 1 tonne o f  product specified  in the L C A  functional unit.
F ig u re  9.7. L P F L  L C A  sy stem  an a ly s is  flow  d ia g ra m
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9.11. Life Cycle Inventory D ata G aps and  the P ractical Scope of the LPfL LCA
T he L C A  process is a com plex  one involv ing  w ide-reach ing  data  investigations across all phases 
o f  the cycle u n d er study. It is on ly  once in itia l investigations b eg in  in  the  scoping  and  inven to iy  
analysis stages, that issues concern ing  the p racticalities o f  data accum ulation  becom e clear. A s 
the L P fL  inven to ry  analysis p rogressed , it w as possib le  to  assess any  data  lim itations to consider 
how  these w ould  affect the overall value o f  the study. T able 9.3 lists areas o f  the study in  w h ich  
data  w ere  found  to  be  unavailab le . F o r each  area, com m ent is then  given  o f  the likely  effect on 
the overall results
T a b le  9 .3 . D a ta  g ap s in  th e  L P fL  L C A
D ata for the Local P aper for London Cycle
D ata G ap Com ments Im pact on LPfL  LCA
Pulping, de­
inking and 
papermaking 
chemicals
O f the thirty chemicals 
used in the pulp and 
papermaking 
processes, generic life 
cycle inventories only 
existed for 5. For the 
remainder it was only 
possible to assign two 
‘default’ LCI’s; 
chemicals organic, or 
chemicals inorganic. 
This is a problem 
common to all paper 
LCA studies.
The impact on the desired scope o f the LPfL LCA is minimal for the
following reasons:
Releases to w ater
♦  Based on evidence o f published LCAs, it is accepted that in 
comparison to virgin paper production, waterborne emissions for 
modem recycled pulp manufacture are lower across the broad range 
o f impacts (COD, BOD, TSS and AOX). One area where recycled 
production can result in higher impacts is from alkylphenol-based 
surfactant use and potential impacts on oestrogen receptors in fish. 
No data was available to this study to test this issue.
9  The LPfL production process uses non-chlorine bleaching 
chemicals; as a result, no AOX emissions are registered
♦  The material safety document sheets for the inventoiy o f chemicals 
used do not indicate any high risk pollution risk -  particularly with 
respect to aquatic pollution impacts
$  W ater recycling and treatment on-site is such that the final 
waterborne emissions, as shown by the Environment Agency 
inventoiy o f releases are veiy low, particularly for COD and BOD.
T a b le  9 .3  co n t in u e d  ove r:
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Table 9.3. D ata gaps in the LPfL  LCA  (continued)
D ata for the Local P aper for London Cycle
D ata G ap Com ments Im pact on LPfL  LCA
Pulping, de­
inking and 
papermaking 
chemicals
O f the thirty chemicals 
used in the pulp and 
papermaking 
processes, generic life 
cycle inventories only 
existed for 5. For the 
remainder it was only 
possible to assign two 
‘default’ LCFs; 
chemicals organic, or 
chemicals inorganic.
Releases to solid waste
Trace elements from chemicals used in pulping and papermaking will 
appear as trace amounts in the DIP and papermaking sludge; see Data 
Gap discussion on pulp and papermaking sludge below.
Pulp Sludge When the LPfL ‘base- 
case’ LCA was 
conducted, pulp sludge 
was being utilised as a 
‘soil improver’ to 
agriculture.
LPfL  ‘base-case’ LCA:
Sludge composition data was made available for the LCA study. The 
data was analysed to consider potential toxicological and nutrification 
issues. These two issues were not incorporated into the ‘base-case’ LCA 
for the following reasons:
^  The whole practice o f disposing o f sludge to agriculture was about 
to cease.
^  Insufficient data on which to accurately represent toxicological and 
nutrification impact issues in the LPfL LCA.
?  It was possible to consider transport issues in delivery and the issue 
o f sludge as a provider o f lime to agriculture.
LPfL Im provem ent Strategies:
The new proposals for sludge utilisation from the dip/papermaking plant 
involve combusting the sludge for energy generation. The E.A. and local 
planning authority had approved this project based on an extensive EIA, 
which provided end-of pipe emission data. However, insufficient data 
was available to develop an LCI for the plant and process.
It was possible to develop data for the process to model the following:
$ The energy balance o f the ‘energy from sludge’ process. This data 
made it possible to consider the ‘avoided burdens’ o f the process in 
terms o f renewable energy generation and the subsequent reduction 
o f fossil fuel use 
#  The mass-balance o f the process. This data made it possible to 
consider the final waste (ash) disposal requirement’s o f the process
Energy from 
Waste Paper
Applied in the LPfL
Improvement
Strategies
No suitable LCI data in terms o f age or technical relevance were found 
to enable emissions from the incineration o f pure waste paper to be 
modelled.
However, it was possible to model the energy balance o f the ‘energy 
from waste paper’ concept to show the ‘avoided burdens’ in terms o f 
renewable energy generation and the subsequent reduction o f fossil fuel 
use.
Advanced 
paper sorting 
technologies
Applied in the LPfL
Improvement
Strategies
Improved paper sorting is suggested as an integral part o f the overall 
improvement assessment strategy for the LPfL cycle. No data on energy 
consumption or reject rate was available for this study.
This was not considered a major obstacle since energy consumption 
from sorting would be a very small contributor to energy consumption 
over the whole LPfL cycle.
Table 9.3 continued over:
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Table 9.3. D ata gaps in the L PfL  LC A  (continued)
Data for Comparative Life Cycle Assessment of the Local Paper for London Cycle
Data Gap Comments Impact on LPfL LCA
Virgin Paper Availability of 
cycle for uw f published work 
P+W paper
Few published LCA studies exist that specifically study uncoated 
woodfree printing and writing paper.
Life Cycle Inventories have been published for this grade via the 
BUWAL LCA data base (SEAFL. 1998) However, due to commercial 
confidentiality restrictions it was not possible to gain access to any 
background data to this work. It was not possible to conduct direct LCA 
comparisons using LCA software in view o f uncertainties re boundary 
definitions and the scope o f the study.
A collaborative study by STORA, Axel Springer Verlag AG and 
CANFOR (STORA, 1998a & 1998b) produced an LCA into 'graphic 
paper and print products' with usefi.il information on forest impacts and 
recycling rates. However, as with a number o f studies in this area, the 
primary focus was on magazine and newsprint production; not uncoated 
woodfree printing and writing paper. It was not possible to gain access to 
any background data to this work.
The most valuable LCA work in this area is that o f the PAPER TASK 
FORCE, led by the U.S. Environmental Defense Fund, (Paper Task 
Force (White Papers, 3 and 10A), (1995). This extensive three year 
study by a team o f 50 contributors covered a number o f paper grades and 
produced 16 technical papers providing authoritative data on many 
aspects o f the paper cycle.
It was possible to describe similar system boundaries to the LPfL LCA 
with that used by the Paper Task Force for their 'office paper' recycled 
production with recycling scenario (see Section 9. 5). It was not possible 
to gain access to any background data to this work, neither was it 
possible to make direct comparisons between the Paper Task Force work 
and the LPfL cycle via LCA software. Because o f the lack o f specific 
data concerning the age o f data used, the type of production plants 
analysed, the chemicals used in de-inking and papermaking and the 
remedial waste management strategies used etc, there is no basis to 
directly compare the LPfL LCA impact categories for GWP, 
Photochemical Smog, Ozone Depletion etc, with those given by the 
Paper Task Force. It is however legitimate to provide a straightforward 
comparison between the energy consumption figures o f the LPfL cycle 
and the Paper Task Force 'office paper scenarios'. This is o f use since 
energy consumption results in by far the largest single impact in the 
paper cycle (IIED, 1996) and transport impacts are considered to account 
for around 10% of these impacts (IIED, 1996a). These comparisons are 
given in Section 10.4.2.
To venture beyond this straight comparison o f energy use would require 
collaboration with the Paper Task Force researchers, or, since the work 
is now dated and the team is disbanded, a new programme o f study 
generating primary data to directly compare the LPfL cycle with current 
conventional virgin and recycled production systems would be 
necessary. This course o f action lay beyond the remit o f the LPfL LCA 
research.
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Table 9.3. D ata gaps in the L PfL  LCA  (continued)
Recycled 
Paper cycle 
for uw f P+W 
paper
Availability o f See above - Virgin Paper cycle for uw f P+W paper -  where same issues
published work apply. For further detail on the Paper Task Force Study system
boundaries and their compatibility with the LPfL LCA see Section 9.7. 
Also:
The main distinction between ‘conventional’ recycled uw f P+W paper 
production and supply and the LPfL cycle lies in the transportation 
impacts for both aspects o f the cycle; i.e. raw material and final product 
delivery. Based on importation data to the UK it was possible to derive 
transportation impact comparisons for final product delivery between 
‘conventional recycled’ supply to the UK and the LPfL supply system. 
_______________________ See Section 10.4.2. and Appendix 4._________________________ ______
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S E C T IO N  T E N
Key Environmental Impacts Associated with the ‘Base Case9 Local Paper for
London cycle
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10. K ey  E n v iro n m e n ta l  Im p a c ts  A sso c ia te d  w ith  th e  ‘B ase  C a se ’ L o ca l P a p e r  fo r  
L o n d o n  cycle
10.1. In tro d u c tio n
T his Section  gives the c lassified  and  charac terised  environm ental im pact assessm ent o f  the L PfL  
‘B ase-C ase’ cycle. A ccord ing  to the ISO  standard  (ISO , 1 9 9 7 ,1 9 9 8 , 1999 and  2000), the L ife 
C ycle Im pact A ssessm ent (L C IA ) is a phase  o f  L C A  aim ed at understand ing  and  evaluating  the 
size and  sign ificance o f  the po ten tia l environm ental im pacts w h ich  have b een  recorded  against 
the system  functional un it in  the  L C A  Inven to ry  A nalysis stage (C lift e t al, 2000). T he first stage 
o f  L C IA  requires the p ractitioner to  select a  range o f  suitable recogn ised  im pact ca tegories from  
those listed  in  Table 7.1 that b es t re la te  to the resource use and environm ental im pacts arising 
from  the system  being  analysed. O nce this is achieved, the fo llow ing  L C IA  stages, conducted  
w ith  the  aid  o f  the adop ted  L C A  softw are (PIR A . 2000, PIR A . 1997), involve the inventory  data  
being  c la ssified  into the im pact categories and  then  characterised  to quan tify  the contribu tions 
to the chosen  im pacts from  the  p roduct system . T his m ethodology  is d iscussed  in  detail in  
Section  7.2.4.
B y  m anag ing  the L ife C ycle In v en to iy  data  th is w ay  it is then  possib le  to  develop  im provem ent 
strategies fo r the system  u n d er investigation . A s m entioned  in  Section  3, th is is the key  objective 
o f  the L P fL  L C A  research  thesis. A lso , w here  access to su itable data  allow s, it is possib le  to 
com pare th is analysis w ith  o ther studies.
In  th is Section, the chosen  L PfL  Im pac t A ssessm ent categories are listed  and  ju s tif ied  and the 
resu lts for the L P fL  ‘B ase-C ase’ are given. T he overall energy use and  transporta tion  energy  
im pacts o f  the L P fL  cycle are th en  com pared  w ith  the  P aper T ask  F orce  analyses o f  v irg in  and  
recycled  ‘office p ap e r’. Possib le  im provem ents to the L P fL  system  are considered  in S ection
11., along  w ith  the avo ided  burdens o f  d iverting  w aste  paper from  landfill and  using  w aste  paper 
to  generate  energy  as an  in tegral p art o f  the L P fL  cycle.
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10.2. The Environm ental Im pact Profile of the Local Paper for London ‘Base C ase’.
Figure 10.1 show s the environm ental im pact categories selected  for the L PfL  LCA , 
represen ting  the ‘L PfL LC A  ‘Base C ase ’ Im pact P ro file ’. In Section  11, w here im provem ents to 
the LPfL  ‘B ase-C ase’ cycle are suggested , this p rofile  is revisited  to analyse how  each strategy 
results in quantifiab le reductions across the key im pact categories. W hilst the figures are show n 
in a graphical form , as is com m on practice in presen ting  LC A  im pact profile data, it is im portant 
to note that the im pact categories are non-com m ensurab le . T herefore, the analysis does not 
include the step som etim es know n as ‘v a lu a tio n ’, i.e. there is no aggregation  across these 
categories.
F ig u re lO .l.  L ife  C ycle D a ta  fo r  T h e  L o ca l P a p e r  fo r  L o n d o n  ‘B ase C a s e ’ E n v iro n m e n ta l 
Im p a c t P ro file
L C A  C a te g o ry L P fL  ‘■Base-C ase' L C A  re su lt  p e r  F.U .
E n e rg y  (M J) 20.776 G J
G W P  ( C 0 2 equ iv .) 1025.33 kg
A c id ific a tio n  (k g  S 0 2) 3.122 k g
O zo n e  d e p le tio n  (k g  C F C  11) 0 .000188138 kg
P h o to c h em ica l S m og  (k g  e th y len e ) 0 .344664 kg
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10.3. Selection of Im pact Categories for LPfL LCA
The im pact categories selected  are standard  LC A  ‘prob lem  o rien ted ’ burden categories as show n 
in Table 7.1. In Section 8.5., it w as show n that key im pact areas to be considered  w hen 
evaluating  recycled paper production  are:
♦  E nergy consum ption in p roduction
♦  T ransportation  in the cycle
♦  S ludge (solid  w aste) from  production
♦  T he role o f  recycling  in reducing  w aste d isposal to landfill
D espite the data gaps identified  in T able 9 .3 , it p roved  possible to select the im pact categories 
w hich  are m ost relevant to the abovem entioned  aim s o f  the LPfL study and  w hich can  be 
reported  w ith  sufficient confidence. T he im pact categories selected  are:
♦  G lobal W a rm in g  P o ten tia l (C02e)
A ssessm ent o f  G W P w ill be im portant in developing  im provem ent strategies for the 
L PfL  cycle and in com paring  the L PfL  cycle w ith  alternatives.
G W P is affected  strongly  by  fossil fuel savings v ia the use o f  renew able energy and 
transport reductions.
G W P is also affected  by reduced  m ethane em issions due to reductions in w aste paper
and sludge to landfill.
G W P  LCA D efin itions:
Im p a c t  c a te g o ry C lim a te  ch a n g e
LC I results E m issions o f  g reenhouse gases to the a ir (in  kg)
C haracterisation  m odel T he m odel developed  by the In tergovernm ental Panel on 
C lim ate C hange (IPC C ) defin ing  the g lobal w arm ing  poten tial 
o f  d iffe ren t greenhouse gases
C ategory  indicator Infrared  rad ia tive forcing (W /m 2)
C haracterisation  factor G lobal w arm ing  poten tial for a 100-year tim e horizon  (G W P 
100) for each  greenhouse gas em ission  to air (in kg  carbon 
d iox ide/kg  em ission)
U nit o f  indicator resu lt kg (carbon  d ioxide eq)
Source: CML (2001)
178
♦  E n e rg y  (M J)
A n assessm ent o f  energy  consum ption  is needed  to com pare fossil fuel consum ption  
w ith  alternatives to the L PfL  cycle.
By m onitoring energy use, it is possib le to track  potential reductions in fossil fuel use for 
each  suggested  im provem ent. T his is o f  practical im portance since energy reductions 
lead  to C O 2 savings and any such site-specific process savings could  be eligible for 
‘P ro ject-B ased  en try ’ to the U K  E m issions T rad ing  Schem e (B egg et. al, 2002).
E nergy LCA D efin itions:
Im p a c t  c a te g o ry E n e rg y
L C I results E nergy  consum ption  (in  M J)
N otes: E nergy  consum ption  is no t by  defin ition  an LC A  ‘im pact ca teg o ry ’. The 
consum ption  o f  energy com es under the ‘D epletion  o f  A biotic re so u rces’ ca tegory , as 
show n in Table 7.1. T his category  includes all non-liv ing  natura l resources such as iron 
ore, m inerals and  o f  course energy  resources. For the purposes o f  th is study it is m ost 
usefu l to  isolate energy  consum ption  and report on  its use in the cyc le  (a) to assess 
im provem ents in the L PfL  cycle v ia  changes from  fossil fuel to renew able energy, and (b) 
to  m ake direct com parisons w ith  alternative system s o f  paper production.
It is also o f  benefit to trea t energy  in iso lation  since the debate on  the characterisation  o f  
dep letion-related  im pact categories is not settled  under the ISO  14040 um brella.___________
U nit o f  ind icator resu lt M J o f  energy  use
Source: C M L (2001)
♦  P h o to ch em ica l O x id a n t F o rm a tio n  (Sm og)
R eductions in Photochem ical O xidant Form ation  w ill arise from: 
transporta tion  reductions in the LPfL w aste paper collection  cycle 
reductions in landfill d isposal o f  w aste  paper 
fossil fuel energy savings
Note: As explained in Table 9.3, it has not been possible to include impacts in this category arising from 
energy recovery from waste paper/sludge.
P hotochem ica l O xidant F orm ation  (Sm og) L C A  D e fin itio n s:
Im p a c t  c a te g o ry P h o to c h e m ic a l O x id a n t F o rm a tio n
LC I results E m issions o f  substances (V O C , C O  in the presence o f  
n itrogen  oxide com pounds) to air 
(in  kg)
C haracterisation  m odel T he U N E C E  T rajectory  m odel
C ategory  ind icator T ropospheric  ozone form ation
C haracterisation  factor Pho tochem ical ozone creation  po ten tia l (PO C P) for each
em ission  o f  V O C  or C O  to air
(in  ethy lene equivalen ts/kg  em ission)
U nit o f  ind icator resu lt kg  (ethylene eq)
Source: CML (2001)
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♦  O zo n e D eple tion  (C F C ’s)
O D P im pacts arise in the L PfL  cycle prim arily  from  upstream  processing  o f  fossil fuel 
p roduction  and in transport.
Note: As explained in Table 9.3, it has not been possible to include impacts in this category arising from 
energy recovery from waste paper/sludge.
O zone D epletion  (C F C ’s) L C A  D e fin itio n s:
Im p a c t  c a te g o ry S tra to s p h e r ic  O zo n e  D ep le tio n
L C I results E m issions o f  ozone depleting  gases to  air 
(in  kg)
C haracterisation  m odel T he m odel developed  by the W orld  M eteoro logical 
O rgan isation  (W M O ), defin ing  the ozone depleting 
poten tial o f  d ifferen t gases
C ategory  indicator S tratospheric ozone b reakdow n
C haracterisation  factor O zone dep letion  potential a t steady  state (O D P steady  
state) for each em ission to air (in  kg C F C -1 1 equivalen t/kg  
em ission)
U nit o f  indicator result kg  (CFC-11 eq)
Source: C M L (2001)
♦  A cid ifica tio n
As w ith  O D P, A cid ification  im pacts prim arily  arise from  energy generation , fossil fuel 
refin ing, p roduction  processes and  transportation.
A cid ifica tio n  L C A  D e fin itio n s:
Im p a c t  c a te g o ry A c id ific a tio n
L C I results E m issions o f  ac idify ing substances (prim arily  S 0 2, N O x, 
N H X) to  air (in kg)
C haracterisation  m odel R A IN S 10 m odel, developed  at II A S A, describ ing  the fate 
and deposition  o f  acidify ing substances, adapted  to L C A
C ategory  ind icator D eposition /acid ification  critical load
C haracterisation  factor A cid ification  potential (A P) for each  acidify ing em ission  to 
a ir (in  kg  S 0 2 equivalent/kg  em ission)
U nit o f  ind icato r result kg  ( S 0 2 eq)
Source: C M L (2001)
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10.4. ‘Base Case5 Im pact Assessment Observations
10.4.1. E n e rg y  R eso u rc e s
B ackground  analysis, as d iscussed  in  Sections 8 & 9, ind icated  that the m ost sign ifican t 
quan tifiab le  im pacts from  the  L P fL  cycle are assoc ia ted  w ith  energy consum ption , particu larly  
in  re -pu lp ing  and paperm aking. B efore m oving  on in  Section  11 to  explore strategies to reduce 
energy  im pacts, a key  com parison  can  be  p resen ted  for energy consum ption  in  the L P fL  cycle 
w ith  the conventional v irg in  and recycled  scenarios for pu lp  and  paperm aking  p roduction  and 
delivery .
T able 10.1. show s life cycle energy  consum ption  fo r the p roduction  o f  conventional v irg in  
u ncoa ted  w oodfree p rin ting  and  w riting  paper and  conventional recycled  u w f  P + W  paper 
ob tained  from  the P aper T ask  F orce S tudy (P aper T ask  Force, W hite  P ap er N o .3 . 1995).
E nergy  consum ption  fo r the L ocal P aper fo r L ondon  B ase-C ase L C A  study  are also show n.
H ere it is kno w n  that all o f  the pu lp /paperm aking  p roduction  energy is from  h igh ly  efficien t on­
site C H P generation, operating a t a  gross efficiency  o f  circa 85%  for steam  and  electrical energy 
ou tpu t com bined; o ther energy im pacts arise from  transport and  e lectrical-pow ered  sorting  
m achinery . T he data in  T able 10.1. for the tw o conventional p roduction  system s give to ta l1 and
a
purchased  energy  figures; it is n ecessa iy  to m ake th is d istinction  since in  v irg in  production  
m uch  o f  the energy  used  is generated  on-site  from  residues o f  pu lp /paper production . In  recycled  
production , as in  the production  system  scenario  g iven  in  the P ap er T ask  F orce  S tudy and  fo r the 
L P fL  ‘b ase -ca se ’ scenario , it is still generally  the case that all energy  is pu rchased  and  is fossil 
fuel derived.
In  o rder to m ake com parisons betw een  the  energy  figures g iven  in T able 10.1, the fo llow ing 
issue had  first to be  considered: T he functional u n it (F .U .) o f  the L P fL  cycle  includes delivery  o f  
the p roduct to the consum er w hilst the  F .U . o f  the  P ap er T ask  Force study does not. B y  using  
im porta tion  data  fo r conventional papers derived  specifically  for this study, as d iscussed  in  
Section  6.10.1 (N L K  A ssociates, 2001), it w as possib le  to construct a  com parison  o f  average 
transporta tion  im pacts in the delivery  o f  conven tional (v irg in  and recycled) papers to U K  
consum ers w ith  the corresponding  im pacts in  the L P fL  cycle.
1 Total energy equals all energy consumed in the process including co-product derived renewable energy and purchased energy
2 Purchased energy equals all energy consumed excluding any renewable energy component that may be derived as a co-product 
from the manufacturing process. Thus, purchased energy equals all fossil, hydro, nuclear and purchased renewable energy.
181
In  T ab le 10.1 these ca lcu la ted  transport energy  im pacts are  listed  for v irg in  and  recycled  paper 
delivery to  th e  UK. B y adding  the P aper T ask  Force figures and the ca lcu la ted  final delivery  
transport energy im pacts, T able 10.1 provides to ta l and  purchased  energy figures w hich  
rep resen t th e  fu ll life cycle o f  v irg in /recycled  paper p roduction  plus delivery  to  U K  consiuners. 
T hese a llow  d irec t com parison  w ith  the  LPfL L C A  energy figures, w h ich  are also b roken  dow n 
to  show  the  con tribu tion  o f  the  final delivery  stage to  the  consum er.
T ab le  10.1, show s th a t to tal energy consum ption  in  th e  v irg in  p roduction  scenario  for u w f P + W  
paper is abou t tw ice th a t fo r recycled  paper p roduc tion  o f  the sam e grade. A pproxim ately  h a lf  o f  
the  energy consum ed in  the  v irg in  scenario  how ever is from  co-product sources, derived 
p rim arily  from  w ood-w aste p roducts3. In  con trast to  v irg in  production , b o th  th e  conventional 
and  th e  L ocal P ap er for L ondon ‘B ase-C ase’ recycled  paper p roduction  p rocesses do n o t u tilise  
any o f  the  re jec ted  raw  m ateria l (includ ing  re jec t w aste  paper and  sludge) as a fuel source.
In  recycled  m anufactu re  this w aste m ateria l is p rim arily  com prised  o f  the pu lp ing  process 
sludge. T he sludge is a  m ixture o f  organic fib res th a t are too degraded by  re-pulp ing  to  be re ­
used  an d  th e  inorganic fillers found  in  the  w aste  paper feedstock. T hese tw o sludge com ponents 
are  ejec ted  from  th e  p roduction  process in  an  approx im ate  ratio  o f  40%  organic fibres and  60%  
inorganic filler. N o t using the  w aste  p roduct s tream  from  the p roduction  process has tw o 
im plications:
- un like th e  v irg in  scenario , energy is no t recovered  from  w aste residue
- the  system  has an  add itional w aste  d isposal b u rd en  in  the  fo rm  o f  the  pulp  sludge.
In  Section 11, w here  im provem ent strateg ies are developed  for the  LPfL cycle, energy 
generation  from  the p roduc tion  process w aste-stream  is considered. S trateg ies are suggested  no t 
only fo r energy generation  from  the  sludge ou tpu t o f  th e  process, b u t also fo r energy derived  
from  w aste papers.
3 Energy from wood waste products in virgin paper production is derived from two sources: (1) combustion of 
wood waste from timber preparation and forestry management; comprising waste wood from forest thinning 
operations and bark and sawdust residues from timber processing at the wood-mill, (2) combustion of the waste 
pulping ‘black liquor5, which has a useful calorific value due to the high content of wood resins and lignin.
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T a b le  10.1. L C A  E n e rg y  C o n su m p tio n  C o m p a riso n s  o f  ‘co n v e n tio n a l’ v irg in  p a p e r  &  
recy c led  p a p e r  a n d  L o ca l P a p e r  fo r  L o n d o n .
L C A  re su lt T o ta l E n erg y  
C o n su m ed
P u rch a sed
E n erg y
V irg in  ‘O ffice ’ P a p e r
(plus U S w aste m anagem ent)* 40.62 G J/tonne 19.62 G J/tonne
T ransport energy for v irg in  delivery  to U K  
consum er*** 3.82 G J/tonne 3.82 G J/tonne
T O T A L : V irg in  ‘O ffice ’ P a p e r  p lu s  d e liv e ry  to  U K  
C o n su m e r 44.44 G J /to n n e 23.44 G J /to n n e
R ecy c led  ‘O ffice ’ P a p e r
(plus recycling)** 22.9 G J/tonne 22.9 G J/tonne
T ransport energy for ‘C onven tional’ R ecycled  
(U K /Im ported  m ix) delivery  to U K  consum er*** 2.77 G J/tonne 2.77 G J/tonne
T O T A L : ‘C o n v e n tio n a l’ R ecy c led  P a p e r  p lu s  
d e liv e ry  to  U K  C o n su m e r 25.67 G J /to n n e 25.67 G J /to n n e
L o ca l P a p e r  fo r  L o n d o n , ex c lu d in g  fin a l d e liv e ry  to  
c o n su m e r 20.57 G J /to n n e 20.57 G J /to n n e
T ransport energy for L PfL  delivery  to U K  consum er***
0.21 G J /to n n e 0.21 G J /to n n e -
T O T A L  L o ca l P a p e r  fo r  L o n d o n  cycle p lu s  d e liv e ry  
to  U K  C o n su m e r 20.78 G J /to n n e 20.78 G J /to n n e
Sources:
* This system is a weighted average of the virgin production plus landfilling and virgin production plus incineration systems 
used in the Paper Task Force Study. The basis for the weighting is on national estimates of 79.7% landfill and 20.3% 
incineration as the final disposal option for waste paper in the US. (Paper Task Force, (White Paper No3) 2000). See Section 9.6. 
for boundary definition for the Paper Task Force Study.
** This system is the Paper Task Force recycled production with recycling scenario. (Paper Task Force, (White Paper No3) 
2000).See Section 9.6. for boundary definition for the Paper Task Force Study.
** * See appendix 4: Determination of Transportation impacts associated with virgin and recycled imports to UK. and for the 
Local Paper for London cycle. The higher figure for delivery of conventional virgin paper reflects the fact that imports arise 
from many origins, including Sth & Nth America, Asia and Europe. Conventional recycled paper imports to the UK are 
predominantly from Europe and North America, with a very small proportion actually originating in the UK.
T he results show n in Table 10.1 h igh ligh t w hat has generally  been regarded  as an accepted 
outcom e o f  studies into paper p roduction  (V irtanen  & N illson, 1993) & (IIED , 1996), nam ely  
that fossil fuel use in the conventional recycled  production  cycle is g reater than  in the v irg in  
production  cycle. H ow ever, the figures show  that w hen  the final delivery  stage to the consum er 
is considered  this is not the case w hen  com paring  the LPfL ‘B ase-C ase’4 cycle w ith the v irgin 
production  cycle: the LPfL  cycle has the low er purchased  energy dem and. T he balance is tipped 
in favour o f  LPfL  over both conventional (v irg in  and recycled) cycles prim arily  by the low 
transport energy requirem ents in the localised  LPfL  cycle
4 before any improvement strategies are applied
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10.4.2. T ransporta tion  Im pacts.
Increased  transporta tion  is regu larly  c ited  as a m ajo r environm ental p rob lem  w ith  increased  
recycling  (E ltvall, & F innveden , 2000, V irtanen , &  N ilsson , 1993). O ne issue rou tinely  ra ised  is 
that recycling  results in  m ore transport ac tiv ity  in  the  urban  environm ent over and  above p re ­
ex isting  w aste  d isposal activity. It has no t been  possib le  to find pub lished  data  to com pare to tal 
transport im pacts o f  conventional recycled  system s against the L P fL  cycle. I t has b een  possib le  
how ever to b reak  dow n transport im pacts in  the  L P fL  cycle fo r the co llec tion  and final delivery  
stages and  to then  com pare these w ith  (a) alternative delivery  system s for th is paper grade (as 
show n in  T able 10.1) and (b) pub lished  transport delivery  im pacts for final w aste  d isposal 
activ ity  in  the U K  (show n in  T able 10.2).
In  term s o f  fin ished  p roduct delivery , T ab le  10.1. show s that the local cycle  resu lts in  an  18-fold 
reduction  in  transport energy  w h en  com pared  to the conventional v irg in  delivery  scenario  and  a 
13-fold reduction  com pared  to the conven tional recycled  delivery  scenario .
T able 10.2 com pares the transport im pacts arising  from  L PfL  w aste  paper co llec tion  w ith  final 
d isposal o f  the sam e w aste  and  show s th a t the  im pacts in the L P fL  cycle are  approxim ately  
tw ice those o f  the refuse d isposal option. T his is likely  since w aste  co llec tion  for final d isposal 
is an  in tense activ ity  operating  re la tive ly  effic ien tly  on  a street-by-street basis, w hereas 
com m ercial w aste  paper collection , such  as that u sed  in  the L PfL  cycle, operates on  a m ore ad- 
hoc basis, p ick ing  up recycled  w aste  in  a w id er ca tchm ent area on ly  w here  contracts w ith  
com m ercial consum ers have b een  m ade. In  iso lation , these results do therefo re indicate a 
d isadvan tage in  localised  u rban  transport increases due to  the L PfL  cycle. It is certain ly  true that 
the L P fL  cycle in troduces ano ther co llec tion  cycle  into the congested  u rban  environm ent, bu t 
th is is o ffse t by  the o ther benefits: red u ctio n  o f  landfill im pacts (see Section  8); m aking  b est use 
o f  a valuab le w aste  m ateria l (see Section  8); a llev iating  forest im pacts (see Section  6) and  
d isp lacing  far larger transport delivery  im pacts com pared  to the conven tional u w f  P + W  paper 
delivery  routes (see T ab le 10 .L ). F ro m  a B PE O  (B est P racticab le E nvironm ental O ption) 
recycling  is also a  be tte r op tion  than  incineration  fo r this grade o f  paper (see Section  8).
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T a b le  10.2. B re a k d o w n  o f  T ra n s p o r t  E n e rg y  Im p a c ts  in  th e  C o llec tio n  S tag e  o f  th e  L o ca l 
P a p e r  fo r  L o n d o n  cycle, c o m p a re d  to  th e  sam e  im p ac ts  fo r  w aste  d isp o sa l ac tiv ity  in  th e  
U K .
T ra n s p o r t  S tag e T ra n s p o r ta t io n  E n erg y  
M J /t
Local P aper fo r L ondon C ollection 3 6 2
R efu se  D isp o sa l (U K )* 1 7 7
R efu se  D isp o sa l (U K )** 1 6 9
Source: * IIED , 1996a (sub-report N o. 12 p23)
** ETH , 1995
see Appendix 4 for transport energy calculations
In considering  urban transport im pacts arising  from  collection, the ‘avoided  b u rd en ’ argum ent 
can be applied; the w aste taken  by the LPfL  cycle is avoiding final d isposal, thus the transport 
energy im pacts o f  final d isposal can be leg itim ately  deducted from  the L PfL  collec tion  cycle. In 
the short-term  how ever the true benefit o f  this avoided  burden m ay be questioned . It can be 
argued  that stree t-by-street refuse co llec tion  m ust still occur and therefore the LPfL collection  
operation  results in refuse co llection  becom ing  less efficient. This is because less refuse w ould  
be co llected  from  prem ises w ho sign up to  the L PfL  cycle and thus refuse co llectors w ould  have 
to travel further and for longer to p ick  up a full load. In the long-term , i f  com m itm ent by 
consum ers to the L PfL  cycle grow s, then the transport energy im pacts o f  the cycle w ill naturally  
tend to decrease as m ore is co llected  in each street. If, as suggested  in Section  11.3.1., transport 
efficiency  in the LPfL  co llection  cycle  cou ld  be im proved by 50% , then, w eigh t-fo r-w eigh t o f  
w aste collected , the im pacts recorded  for L PfL  collec tion  and the final d isposal system  w ould  
tend to converge. In Section 11.4, w here the avo ided  burdens o f  the LPfL  cycle in d isp lacing  
w aste paper to landfill d isposal are considered , the transport im pacts o f  w aste paper collection  
for final d isposal have in fact been  cred ited  as an  avoided  burden.
10.5. C o n c lu s io n s
The energy com parisons betw een d iffe ren t paper supply  system s m ust be regarded  w ith som e 
caution. W hilst the system  boundaries have been  m ade to m atch betw een the L PfL  cycle and the 
Paper T ask  Force system s, no th ing  is know n o f  the m ix o f  fuel sources that com prise the ‘to ta l’
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and ‘p u rch ased ’ energy  inputs to the P ap er T ask  F orce system s. A ll energy  consum ption  data  is 
know n fo r the L PfL  cycle, bu t in  order to  take this com parative evalua tion  any  fu rther it w ould  
be  necessary  to have equivalen t deta iled  p rim ary  data  fo r the energy m ix  in  the P aper T ask  
F orce  system s. F o r exam ple, how  m uch  u sed  is from  U S grid  electricity  and  w h a t fuels m ake up 
the U S generating  m ix  in  com parison  to  the U K ? W h at energy sources are u sed  in  pulp  and 
paperm aking  and  p recise ly  w hat transport m odes are u sed  throughout the cycle  in  each system ? 
H ow ever, the energy  com parison  is still o f  in terest since energy  consum ption  in  the paper cycle 
is com m only  used  as a key  ind icato r upon  w h ich  com parisons are m ade (IIED , 1996). The 
p rim ary  lim itation  arising  from  the lack  o f  detailed  data  for the P aper T ask  F orce system s is that 
it has n o t b een  possib le  to  m ake any com parison  fo r im pact categories d irec tly  associa ted  w ith  
types o f  energy  used, including  P ho tochem ical Sm og P roduction , O zone D epletion , G lobal 
W arm ing  P o ten tia l and  A cidification.
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S E C T IO N  E L E V E N
Developm ent of Im provem ent Strategies to Apply to the  Local P aper for
L ondon ‘Base C ase3 cycle.
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11.1. In tro d u c tio n
T he L C A  m ethodology  used  in  the L P fL  analysis enables quantitative assessm ents to be m ade 
o f  envirom nental im provem ents in  each  phase o f  the cycle, and  for these im provem ents to then  
be re la ted  to the overall perfo rm ance o f  the w hole supply  system . Sections 8 and 10 h ighligh ted  
the p rincipal areas g iv ing  rise to h igh  env irom nenta l im pacts w ith in  the L P fL  ‘B ase C ase ’ 
scenario. T his phase o f  the L C A  now  looks a t som e possib le  m odifications to  the L P fL  cycle to 
reduce these im pacts.
F rom  the outset o f  the Im provem ent A ssessm en t phase  o f  the L P fL  LC A , it becam e apparen t 
that the m echanism s possib le  to  im prove the overall envirom nental perfo rm ance o f  the w hole 
cycle lay  in  adopting  strategies that b e tte r connect the  ind ividual steps in the cycle. A ny 
im provem ent suggested  has to have som e chance o f  p ractical application  and  those suggested  
here are possib le . T he key  to  th e ir im plem entation  lies in  v isionary  p lann ing  at the c ity -sca le  
and  g reater co llaboration  be tw een  c ity  p lanners and those involved  in  the  various stages o f  the 
L P fL  cycle. G reater com m ercial incentive has to  develop such  that consum ers benefit from  the 
act o f  recycling  over and  above sim ply  op ting  fo r final w aste disposal. C om m ercial w aste  
co llectors need  better ties w ith  local authorities in  order to  co llect m ore efficiently ; they  also 
n eed  stronger links w ith  the recycled  paperm alcer to gain  the com m ercial confidence to  co llect 
m ore and  to p lan  fo r fu ture expansion. T his in  tu rn  w o u ld  provide the local recycled  paperm alcer 
w ith  a  m ore secure supply  line fo r quality  locally  recycled  w aste paper. T hese steps w ou ld  all 
contribu te to g reater m arket stab ility  fo r the L P fL  product and  the delivery  o f  environm ental 
im pact im provem ents to the cycle. T he  strategies suggested  here also ind icate  how  
env ironm ental and  com m ercial effic iency  cou ld  be fu rther im proved  by  in tegrating  paper 
p roduction  w ith  a  renew able energy  strategy  th a t u tilises w aste  paper and  sludge residues that 
are re jec ted  from  the cycle, thus reducing  pu rchased  energy  requirem ents and  reducing  final 
w aste  d isposal im pacts in  the cycle. G uided  by  these  im provem ent p rincipals, the concep t o f  a  
‘P A P E R -M E R F ’ (PA PE R -M ateria ls +  E nergy  R ecycling  Facility) has em erged.
11. Developm ent of Im provem ent Strategies to Apply to the Local P aper for London
‘Base Case’ cycle.
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T he G reater L ondon  reg ion  is a  m ajo r concen tration  o f  paper consum ption  in  the U K . T he 
Jaakko P oyry  repo rt into W aste P ap er P rocessing  to the L ondon P ride Partnersh ip  (Jaakko 
Poyry , 1996) looked in  som e deta il a t the per-cap ita  consum ption  figures and  availabilities o f  
certain  p ap e r grades in  o rder to  consider the po ten tia l fo r bu ild ing  future recycling  capacity . 
‘W oodfree P ap ers’ w ere analysed  in  iso la tion  and  the conclusion  w as d raw n that “there is 
substan tia l scope to increase the recovery  o f  ‘O ffice W hite P a p e rs ’ (OW P) fr o m  com m ercia l 
p rem ises  by m eans o f  m ore in tensive co llection  as w ell as education o f  o ffice s ta f f”.
B ioR egional D evelopm ent G ro u p ’s L ocal P ap er fo r L ondon  p ro jec t a ttem pts to address both  
these issues b y  w ork ing  w ith  recycling  com panies to  collect m ore and  b y  educating  and  
encouraging  consum ers to jo in -u p  the ‘c lo sed -lo o p ’ cycle by  buy ing  b ack  their w aste paper as 
locally  rem ade office paper.
Inheren t in  the L P fL  concep t is the c lear need  fo r the  local p roduction  o f  recycled  papers. This 
enables the loop to  be closed  so th a t w aste  arising  in  the area w here paper is u sed  becom es raw  
m ateria l input for rem ade products w h ich  are re tu rned  fo r use in  the sam e area. The concept also 
m itigates local landfill problem s and  prov ides jo b s  in  the recycling  sector. A no ther in teresting  
consideration  is that research  has show n that L o n d o n ’s consum ers are in terested  in the ‘lo ca l’ 
concept. T he process o f  ‘buy ing  yo u r ow n w aste  b a c k ’ as a recycled  p roduct offers the sort o f  
p ro o f  that m any  need, to  be reassured  th a t th e ir effo rt to recycle w aste  m ateria l actually  resu lts 
in  it g o in g  som ew here useful. T he L P fL  cycle provides the ex trem ely  im portan t additional 
p sycho log ica l benefit that the co n su m ers’ effo rt to recycle  actually  resu lts in  the m ateria l 
com ing  b a ck  to them  as a benefic ia l p roduc t (SSM R , 2000).
In  develop ing  greater in tensity  o f  co llec ted  w aste  p ap e r from  offices, one m ust look a t w aste  
m anagem ent logistics in  o rder to stream line the w ho le  operation. T he Im provem ent A ssessm ent 
studies suggest that the  foundation  o f  this s tream lin ing  process is a p lanned  approach  to w aste  
co llec tion  and  sorting  operations w h ich  lead  in  a  fu lly  in tegrated  w ay  to a  M ateria ls a n d  E n erg y  
R ecycling  F acility  that is ded ica ted  to  w aste  paper -  a  PA PE R -M E R F. This study also develops 
the idea that, in  v iew  o f  the scale o f  the w aste  papers available from  L o n d o n ’s offices, this 
facility  cou ld  se ive  to hand le  on ly  com m ercial w aste  paper. T he recyclab ilty  and  econom ic 
value o f  w aste  office papers m eans th a t th is strategy, ded icated  to office w aste  papers, is n o t an  
ill-founded  proposition . The concep t also fits w e ll w ith  the grow ing dem and  fo r ‘Sustainable
11.2. In troduction  to the PA PER -M ER F Concept.
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C ity ’ approaches to urban transport control, w aste m anagem ent strategy, and secondary m aterial 
re-use.
To achieve this level o f  in tegration  requires the involvem ent o f  Local A uthorities, w aste 
co llec tion /m anagem ent com panies, an  energy  p roducer and a recycled paperm aker, all w orking  
as a m utually  beneficial alliance. Such an in tegrated  organisation w ould  provide the best 
structure to achieve the environm ental im provem ents outlined in Sections 11.3 and 11.4 o f  this 
report. T he plans proposed  in this Section cou ld  also provide the sort o f  econom ic fram ew ork  
that could  develop  pricing and co llec tion  m echanism s that w ould  help stabilise the w aste paper 
supply  chain  and at the sam e tim e develop  g reater m arket opportunities for the Local Paper 
product. F igure 11.1. provides an  illustra tion  o f  how  a PA PE R -M E R F m ight operate.
F ig u re  11.1. T h e  P A P E R -M E R F  co n c ep t as a n  in te g ra te d  p a r t  o f  th e  L o ca l P a p e r  fo r  
L o n d o n  cycle
K ey:
‘Closed-loop’ material flow 
‘Closed-loop’ energy flow
m
recycled  paper 
lant
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A s exp lained  in  Section 9.8., the L P fL  ‘B ase  C ase ’ analysis determ ines the environm ental 
burdens o f  the system  w ith  no considera tion  m ade o f  the avo ided  burdens  assoc ia ted  w ith  the 
alternative fates o f  w aste  paper i f  it w ere  no t u sed  in  the L ocal P aper fo r L ondon  cycle. T his 
enables a  p ictu re to b e  bu ilt up  o f  the  actual ‘in  cy c le ’ environm ental burdens associa ted  w ith  
the recycle/p roduction /supp ly  cycle.
11.3. Q uantitative Analysis of Im provem ent Strategies In troduced  to the Local P aper for
London ‘Base Case’ cycle.
The fo llow ing  im provem ent strateg ies are developed:
S ta g e  1 Im p ro v e m e n t
S ta g e  1(a) Im p ro v e m e n t
S ta g e  2  Im p ro v e m e n t
S ta g e  3 Im p ro v e m e n t
S ta g e  4  Im p ro v e m e n t
U tilise p u lp /p a p er  p ro d u c tio n  s lu d g e  as f u e l  f o r  on -site  
en erg y  g en era tio n
U tilise p u lp /p a p er  p ro d u c tio n  s lu d g e  as f u e l  f o r  o n -site  
en erg y  g en era tio n  a n d  u se  a p ro p o r tio n  o f  th e  s lu d g e  
s trea m  f o r  co-product p ro d u c tio n .
P la n n e d  C ollection a n d  P h a s e  1 ’ d eve lo p m en t o f  a 
P A P E R - M E R F *: Im p ro v in g  T ransporta tion  im pacts  
a sso cia ted  w ith  th e  w aste p a p e r  co llec tion  cycle.
P h a s e  2 ’ deve lo p m en t o f  a P A P E R - M E R F O n - s i t e  
separa tion  o f  w aste p a p e r  stream s, en erg y  g en era tio n  
f r o m  w aste p a p e r  a n d  p o ss ib le  co -p ro d u ct p ro d u c tio n
R everse  T ra n sp o rt L og istics. A n a ly s is  o f  p o te n tia l f o r  
l in k in g  jo u r n e y s  in to  th e  city  (P + W  p a p e r  su p p ly) w ith  
jo u r n e y s  o u t o f  th e  city (w aste P + W  collec tion  f r o m  
offices).
S ta g e  5 Im p ro v e m e n t P A P E R - M E R F f sa tellite  in d u stry  d eve lo p m en t
T hese strategies are detailed  in turn. T he repo rted  im provem ents are then  in tegra ted  into the 
L ocal P aper fo r L ondon ‘B ase-C ase’ L ife  C ycle A ssessm ent. T he ‘B ase-C ase’ cycle, illustra ted  
in F ig  9.1, is show n again  fo r easy  reference. A t each stage o f  im provem ent the cycle is rev isited  
in  o rder to illustrate the im provem ent strateg ies being  proposed. T he issues being  considered  
w ith in  each  stage are show n in  the re levan t F low  D iagram  F igure in  red. A s each stage is 
assessed, it is also shaded  in  b lue  to  illustra te the developing stages o f  system  integration.
A t each stage o f  im provem ent, detail is g iven  o f  the  quantitative im provem ents in  environm ental 
im pacts com pared  to the reference system ; the L P fL  ‘B ase-C ase’. F u rther in fo rm ation  is also
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given  o f  additional qualitative econom ic and environm ental benefits that are likely to resu lt from  
the proposed  system  m odifications. F inally , recom m endations are m ade concern ing  areas o f  
additional research  to consolidate the findings o f  this report. A ll recom m endations are listed in 
A ppendix  1: R ecom m endations for fu rther research.
F ig u re  9.1. T h e  L o ca l P a p e r  fo r  L o n d o n  ‘B ase -C a se ’ S cen a rio
System boundary
Note: the green arrows illustrate the LPfL fibre-flow cycle.
The simplified flow diagram omits material and energy inputs and waste flows associated with the cycle, 
which occur across virtually all stages
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11.3.1. S tag e  1 Im p ro v e m e n t:  U tilise  p u lp /p a p e r  p ro d u c tio n  s lu d g e  as fu e l fo r  o n -s ite  
e n e rg y  g e n e ra tio n .
A t the tim e o f  developm ent o f  the L P fL  ‘b ase -case ’ life cycle, sludge from  the  de-ink ing/re­
pu lp ing  process w as being  u tilised  as a soil im prover to agriculture. T he sludge is a  com bination  
o f  paper fibres too short to  be  reused , lim e (from  the  paper fillers in  the  sludge), n itrogen, 
phosphate, po tash  and  clay  m inerals and  ink  residues. T he use o f  p ap e r sludge to  agricu lture is 
repo rted  to  have the  fo llow ing  benefits:
T he sludge p rovides lim e fo r pH  balanc ing
P ap er sludge contains usefu l levels o f  n itrogen  (N), phosphorus (P) and 
po tassium  (K ) w h ich  can  m ake a valuab le contribu tion  to a  crop m anagem ent reg im e 
T he fibre conten t o f  the  sludge increases the so il’s organic m atter; th is can  im prove 
soil structure and  stab ility  and the w orkab ility  o f  heavy  soils as w e ll as im prov ing  the 
m oisture re ten tion  capacity  o f  ligh ter soils in  drought conditions.
In  the L P fL  ‘b ase -case ’, the only  sludge im pacts that could  be m odelled  w ith  reasonable 
accuracy  w ere  sludge transporta tion  and  the ‘avo ided  b u rd en ’ o f  the sludge in  d isp lacing  the use  
o f  lim e to agriculture.
T he p ractice o f  u tilising  p ap e r industry  sludge as a soil im prover has been  a  sensitive area for 
som e tim e. A s a resu lt o f  recen t in itia tives cu lm inating  in  the E uropean  C om m ission  
com m unication  “T ow ards a T hem atic  S trategy  fo r Soil P ro tection” (C O M  2002) it is c lear that 
paper industry  sludge, as a b iow aste  th a t “m ay  con tain  con tam inan ts”, has to be categorised  as a 
re la tive ly  h igh  risk  b iow aste  thus restric ting  its con tinued  use as a landspread  soil im prover 
(W R c pic. 2001). A s a resu lt o f  d iscussions a t the E U  and national level in  the past five years 
over the fu ture o f  landspreading  o f  p ap e r industry  sludge, it has becom e necessary  for U K  
paperm akers, and  fo r p roducers particu larly  o f  de-inked  pulp, to consider alternatives fo r sludge 
d isposal in  the short to m edium  term  (E nvironm ent L aw  B ulle tin  2003).
A s the L P fL  base-case  inven to iy  w as developed , alternative uses w ere b e in g  developed  fo r the 
sludge stream  to m ake u se  o f  its m ateria l p roperties and to avoid treating  it as a final w aste 
product from  the system . T he strateg ies to  m ake use  o f  the sludge are:
G eneration  o f  energy  v ia  an  on-site ‘energy from  slu d g e’ process.
- as a raw  m ateria l input to  a  co-product production  process, e ither 
on- o r off- site.
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T he prim ary  option chosen by the paperm aker involved in the LPfL  cycle w as to generate 
on-site energy  in order to offset fossil fuel dem and. A secondary option  is also currently  being 
explored  to use som e o f  the sludge as input to a fibre-based  construction  board  product. It w as 
not possib le  to m odel the co-product op tion  as a part o f  the LPfL LC A  im provem ent assessm ent 
due to lack o f  data arising from  confiden tia lity  restrictions. As a result, on ly  u tilisation o f  the 
sludge as an  energy input to the pu lp /paperm aking  production  process has been  quantitatively  
m odelled. In  F igure 11.3, the option to use som e o f  the sludge for co-product m anufacture is 
indicated  by  the dotted  red line.
F ig u re  11.2. S tag e  1 Im p ro v e m e n t:  U tilise  p u lp /p a p e r  p ro d u c tio n  s lu d g e  as fuel fo r  o n ­
site  e n e rg y  g en e ra tio n .
Waste Paper Collection Waste Paper Sorting Waste Paper Distribution
from London Offices Operation
Recycled Fibre Plant 
De-inking and 
re-pulping process
Distribution of 100% Papermaking Process
Paper Use in Commercial recycled ‘office’ 100% recycled graphics
Premises papers to London paper production
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Im p ro v em e n ts  in  L C A  en v iro n m en ta l im p a cts  as a re su lt o f  E n e rg y  f r o m  S lu d g e , co m p a red  to
th e  P a s  e -C a se ’ L P fL  L C A :
• A pprox im ate ly  7%  o f  the to tal energy  requ irem en t o f  the w hole L P fL  cycle  is m et b y  the use  
o f  the sludge
• T he G lobal W arm ing  im pact o f  the L P fL  cycle  is reduced  by 7%
® T he O zone D eple tion  im pact o f  the  L P fL  cycle is reduced  by  2 .5%
9 P ho tochem ical Sm og fo rm ation  in  the L P fL  cycle is reduced  b y  3%
T he add itional qualitative environm ental benefits  th a t resu lt from  this strategy  include:
° T he reduction  in  the re lease o f  C 02 em issions from  reduced  fossil fuel use  a t the L P fL  
p roduction  facility  cou ld  be  elig ib le fo r en tiy  to the U K  E m issions T rad ing  Schem e
9 T he use  o f  the sludge fo r renew able energy  generation  avoids the u se  o f  alternative d isposal 
strateg ies th a t w ou ld  be  requ ired  fo r th is w aste  output.
R ecom m endations f o r  fu r th e r  research:
9 T he env ironm ental benefit o f  recovering  energy  from  the sludge has been  analysed here
so lely  w ith  respect to its energy  balance. A s d iscussed  in Section  8.5.1., energy  use  and  
associa ted  carbon  dioxide em issions are the  largest single im pact ca tegories in  the paper 
cycle. T he purpose o f  th is analysis, b ased  on  the  lim ited  in fo rm ation  available , w as to 
determ ine h o w  m uch  energy  cou ld  b e  generated  (tak ing  into accoun t the gross calorific 
value o f  the sludge and  the likely  generation  p lan t efficiency) and thus, how  m uch fossil fuel 
energy  cou ld  be  d isplaced. A n  env ironm ental im pact assessm ent has been  conducted  to 
develop  and  subsequently  com m ission  the p lan t, b u t curren tly  no life cyc le  data has been  
developed  for the energy-ffom -sludge process. T here is considerab le scope to  develop L C A  
data in  o rder to analyse the process in  term s o f  its overall env ironm ental perform ance. Such 
an  L C A  w ou ld  also enable this ‘sludge m itigation  op tion ’ to be  com pared  w ith  alternatives, 
includ ing  the use  o f  sludge as a  co -p roduct to  m anufacture a  bu ild ing  m ateria l
195
•  F u r t h e r  r e s e a r c h  i s  a l s o  r e q u i r e d  t o  c o n s i d e r  a s h  d i s p o s a l  i m p a c t s  f r o m  t h e  e n e r g y  f r o m  
s l u d g e  p r o c e s s .
0 W ith  respect to  ash /sludge disposal, new  technologies are being  developed  that enable 
inorganic paper filler m ateria ls to  be  recovered  fo r re-use. L C A  research  should  be 
conducted  into this em erg ing  technology.
S tag e  1(a) Im p ro v e m e n t:  U tilise  p u lp /p a p e r  p ro d u c tio n  s lu d g e  p a r t ly  as  fu e l fo r  o n -s ite  
e n e rg y  g e n e ra tio n  a n d  u se  a  p ro p o r t io n  o f  th e  s lu d g e  s tre a m  fo r  c o -p ro d u c t p ro d u c tio n .
A s ind icated  b y  the dashed  red  line in  F igure  11.2., a proportion  o f  the sludge stream  cou ld  be  
used  in  the m anufacture o f  a co-product stream ; a fib reboard  product fo r exam ple. T his op tion  
has no t been  considered  quan tita tively  as an  Im provem ent S trategy in  this rep o rt because no 
detailed  co-product p roduction  data  w ere available.
R ecom m endations fo r fu rther research:
• C onduct a life cycle assessm ent o f  th is process and  incorporate it in to  the L C A  o f  the paper 
p roduc tion  cycle. A  num ber o f  scenarios shou ld  be analysed:
- To w hat ex ten t does th is u se  o f  the w aste  offse t use o f  v irg in  m ateria l in  the  specific 
p roduct sector?
- C an  the p roduc tion  cycle be  ‘c red ited ’ fo r avoid ing  im pacts from  landfill o r o ther final 
d isposal options.
- A  L C A  study cou ld  be undertaken  to com pare use o f  the sludge fo r energy  generation  or 
co -product p roduction .
S ince the sludge stream  is now  u tilised  as a  resource on site, transporta tion  savings could  
be quan tified  w ith  respect to  o ther sludge disposal options.
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11.3.2. S ta g e  2 Im p ro v e m e n t:  P la n n e d  C o llec tio n  a n d  ‘P h a se  1* d ev e lo p m e n t o f  a  ‘P A P E R - 
M E R F ’: Im p ro v in g  T ra n s p o r ta t io n  im p a c ts  a sso c ia te d  w ith  th e  w a ste  p a p e r  
co llec tio n  cycle.
B a ck g ro u n d : th e  n e e d  to im prove  recyc lin g  opera tions a t a city-scale:
T he co llec tion  o f  w aste  paper from  L o n d o n ’s offices is curren tly  conducted  alm ost exclusively  
b y  p rivate  com m ercial enterprise; un like  w aste  from  dom estic prem ises, L ocal A uthorities do 
n o t cu rren tly  p lay  a m ajo r p a rt in  recycling  m ateria ls from  com m ercial prem ises. Ind iv idual 
co llec tion  com panies com pete freely  fo r business and  operational boundaries overlap  such that a 
num ber o f  d ifferen t w aste  p ap e r co llec tion  com panies operate w ith in  the sam e boroughs or 
indeed  the sam e streets.
D ue to  the cyclic natu re o f  w aste  paper as a  m arket com m odity , the p rice  o ffered  fo r w aste  
paper varies over tim e accord ing  to m arket trends. T he m arket price fo r w aste  paper is affected  
b y  the m arket p rice fo r v irg in  pulp  an d  pap e r and  by  dem and  fo r the com m odity . Such m arket 
vo la tility  p lays havoc w ith  the com m ercial trade in  w aste  paper. O ver the p as t decade the price 
ob tainable fo r sorted  w hite  office p ap e r has varied  considerably . A s a resu lt, those responsib le  
fo r w aste  d isposal decisions from  com m ercial p rem ises often  see no financia l benefit in 
recycling  their w aste  paper.
F ro m  an  econom ic perspective, there  is m uch  th a t cen tral governm ent can  do to attem pt to 
stab ilise  the m arket fo r recycled  goods b y  encourag ing  sustainable m arkets and  production  
system s fo r recycled  m aterials. Such in itiatives are in  fact being developed  un d er the W aste 
R esources A ction  P rogram m e (W R A P 2002). N otw ithstand ing  th is w id er aim  to develop uses 
fo r recy cled  m ateria ls, the L ocal P aper fo r L ondon  L C A  identifies th a t m uch  cou ld  still be  done 
to im prove the environm ental im pacts assoc ia ted  w ith  transporta tion  in  the w aste  paper 
co llec tion  cycle. A s is o ften  the case, p lanned  changes that b ring  abou t environm ental 
im provem en t can  also bring  abou t econom ic advantages. The range o f  opportunities for 
env ironm ental im provem ent v a iy  from  long-term  strateg ic changes such  as a com plete overhaul 
o f  w aste  p ap e r recycling  m echanism s fo r com m ercial p rem ises, such that co llec tion  is p lanned  
in  an  in tegra ted  m anner by  L ocal A uthorities; to m echan ism s that m ay  be  m ore  easily  ach ieved  
in  the short-term  such  as fuel and  veh icle  design  changes w ith in  the ex isting  com m ercial w aste  
paper co llec tion  industry  fram ew ork.
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T he P A P E R -M E R F  cycle illustra ted  in  F ig  11.1. show s how  the w aste  p ap e r stream  from  
com m ercial p rem ises cou ld  be  d irec ted  to  the P A P E R -M E R F  site. C urren tly  the only  paper 
grade requ ired  at the L P fL  pu lp /paper p roduc tion  facility  is that u sed  as a raw  m ateria l feed  for 
the p ro d u c tio n  o f  uncoated  w oodfree  p rin ting  and  w riting  paper. In  o rder to  develop a PA PE R - 
M E R F, it is p roposed  th a t a ll w aste  paper from  the com m ercial paper stream  should  be co llected  
in  a m ore p lanned  w ay  than  the cu rren t ad-hoc com m ercial system . C o-ord inated  office w aste  
co llec tion  strategies and  c learly  defined  area contracts to operate cou ld  b e  developed  betw een  
local au thorities and  com m ercial w aste  p ap e r collectors. Such a  m ove p resen ts m any 
opportunities fo r bo th  parties:
<> F rom  the local authority  perspective, w ith  respec t to  transport m anagem ent, it m eans that 
som e contro l over one system  o f  com m ercial delivery /co llection  can  be  exerted  w ith in  the 
borough, thus contribu ting  to  im proved  u rban  a ir quality  in  stree t canyons, reduced  
congestion  and  red-route park ing  and  im proved  stree t safety.
♦  F o r com m ercial w aste  p ap e r co llectors, th ree  key  econom ic overheads can  be im proved, 
nam ely:
- im proved  fuel efficiency  in  the co llec tion  operation
- im proved  labour efficiency
- park ing  fines: this is ano ther s ign ifican t econom ic bu rd en  to co llectors that w ou ld  be 
reduced  w ith  a  strategic tie-in  w ith  local authorities; co llec tion  vehicles curren tly  
rou tinely  a ttract fines and  th is is cu rren tly  considered  to  be an  accepted  part o f  their 
operating  costs.
In  the PA P E R -M E R F  scenario , once com m ercial w aste  paper is collec ted , it w ou ld  be hand led  
w ith in  the city  at w aste  paper transfer stations. Such prem ises m ay  sort w aste  paper by  grades, 
o r s im ply  com pact the co llected  w aste fo r transfer to the  P A P E R -M E R F  site. T he ideal location  
o f  a P A P E R -M E R F  site w ou ld  b e  bey o n d  the outskirts o f  the city, n ea r the paper p roduction  
facility  and  at a riverside location  enab ling  the  possib ility  o f  m ateria l deliveries to be  m ade by 
in land freighter. Such a location  w ou ld  b e  likely  since paperm aking  facilities also requ ire  a 
riverside  location  for process w ater requirem ents.
O b je c tiv e :  In te g ra tin g  C o llec tio n  w ith  th e  P a p e r  P ro d u c tio n  F a c ility
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T he w aste  office p ap e r stream  delivered  to  the PA P E R -M E R F  m ust then  be fu lly  sorted  using  
advanced  sorting  technologies. T he fo llow ing  p ap e r fractions should  be  extractable:
9 W aste  p ap e r for re-processing  as recycled  uncoa ted  w oodfree p rin ting  and w riting  paper.
9 W aste  p ap e r fo r raw  m ateria l feedstock  to  possib le  on-site co -product production .
9 W aste  p ap e r fo r feedstock  to on-site energy  generation.
C o m m erc ia l w aste p a p e r  ava ilab ility  to su p p ly  a P A P E R -M E R F
As show n in  T able 4 .5 ., Section 4 .3 .4 ., analysis o f  the m ain  paper grades u sed  in  L o n d o n ’s 
offices indicates that 85%  is unco a ted  w oodfree papers, w ith  the rem ainder be ing  a m ixture 
m ain ly  o f  uncoated  m echan ical papers and coa ted  w oodfree papers (N L K  A ssociates, 2001). 
N e ith er o f  these rem ain ing  grades is fu lly  appropriate  fo r recycled  u w f  P + W  paperm aking . To 
serve as a sim ple exam ple, i f  200 ,000  tonnes o f  m ix ed  office paper w ere sen t to the PA P E R - 
M E R F  p e r annum , the portion  o f  paper from  the o ffice stream  not su itab le fo r use in  the 
p roduction  cycle, 15%, o r 30,000 tonnes, w o u ld  be  availab le  for energy  and/or co-product 
production . T his ca lcu lation  assum es that all uncoa ted  w oodfree p rin ting  and  w riting  papers 
co llec ted  and so rted  a t the P A P E R - M E R F w ou ld  be suitable fo r re-use in  recycled  u w f  P + W  
paper production . In  reality  this is n o t likely  to  b e  the case since the sorting  operation  w ou ld  
filter ou t item s such as heav ily  co loured  office papers. A s a rough  bu t reasonab le estim ate, out 
o f  200 ,000  tonnes o f  m ixed  office w aste  som e 40  to  50,000 tonnes w o u ld  be availab le for 
energy  and/or co-product production .
Such w aste  paper quantities, ex tracted  from  L o n d o n ’s offices, fit w ith  the raw  m aterial 
requ irem ents o f  an  u w f P + W  recycled  p roduc tion  p lant. F or exam ple, the p lan t curren tly  
invo lved  in  the L PfL  cycle consum es approx im ately  150,000 tonnes p e r annum  o f  w aste  paper. 
F rom  a pu re ly  environm ental im pact perspective, in  the P A PE R -M E R F scenario  presen ted  
above, the ex tra  pap e r co llected  and  no t v iab le  fo r recycled  u w f P+ W  p ap er p roduction  is best 
used  on-site in order to avoid  fu rther transporta tion  im pacts. A s d iscussed  below , fu rther L C A  
analysis w ou ld  be  requ ired  to determ ine the B PE O  and  the best econom ic value  for th is o ther 
w aste  paper, b u t its u se  as an  on-site renew able energy  feedstock  is certa in ly  to  be considered.
T he inherent a ttraction  o f  u sing  a p o rtion  o f  the w aste  paper feedstock  delivered  to the PA P E R - 
M E R F  fo r energy generation  is that, as in  the v irg in  paper cycle, the recycled  paper p roduction  
cycle  begins to contribute sign ifican tly  to its ow n energy  requirem ents from  its ow n ‘w a ste ’
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stream . Such a strategy w ould  m ean that the L ocal P aper for L ondon cycle ‘closes the loop’ not 
only on its m aterial cycle, but to a sign ificant ex ten t on its energy requirem ents.
In this S tage o f  Im provem ent A ssessm ent, looking at ‘Phase 1’ o f  the developm ent o f  a PA PER - 
M E R F, i.e. im proving co llec tion  transport im pacts, a sim ple analysis to reduce overall 
transporta tion  distance in the co llec tion  cycle is p resented  as an exam ple. A s stated in Section
10.4.2., transporta tion  im pacts associa ted  w ith  the L ocal Paper for L ondon cycle are already 
significan tly  reduced  com pared  to the conventional system s o f  paper supply  (v irg in  and 
recycled). T he quantitative analysis show n here therefore does not show  a substantial further 
reduction  in transport associated  im pacts over the w hole cycle. H ow ever, reductions in transport 
im pacts at the city-scale are becom ing  increasing ly  im portant to address and  the non-quantified  
benefits o f  reducing w aste paper co llection  and delivery  im pacts are listed below  in the section 
detailing  the additional qualita tive environm ental benefits.
F ig u re  11.3. S tag e  2 Im p ro v e m e n t: P la n n e d  C o llec tio n  a n d  ‘P h ase  1’ d ev e lo p m e n t o f  a 
‘P A P E R -M E R F
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Im p ro v em e n ts  in  I C A  en v iro n m en ta l im p a cts  as a re su lt o f  tra n sp o rt co llection  reductions, 
co m p a red  to th e  *B a se -C a se ’ I P f l  I C A :
A sse s sm e n t 1:
T he overall transporta tion  d istance trav e lled  in  the L ocal P aper for L ondon  co llec tion  cycle is 
reduced  b y  50% . Such a reduction  cou ld  be possib le  v ia  the in troduction  o f  p lanned  co llection  
strategies; i.e. local authorities issue licenses for w aste  paper co llec tion  from  com m ercial 
prem ises such  that co llection  is op tim ised , lead ing  to h igher vehicle  load  factors and shorter 
road  trips.
T he fo llow ing  im pact reductions on  the L P fL  ‘B ase-C ase’ result:
9 R eduction  o f  approxim ately  1% o f  the to ta l energy  requ irem ent o f  the w hole  L P fL  cycle 
9 T he G lobal W arm ing  im pact o f  the L P fL  cycle  is reduced  b y  1.4%
• T he O zone D eple tion  im pact o f  the L P fL  cycle is reduced  by  8.0%
9 P hotochem ical Sm og fo rm ation  in  the L P fL  cycle is reduced  by  6.0%
A sse ssm e n t 2:
F o r the final stage o f  delivery  o f  co llec ted  p ap e r to the PA PE R -M E R F, change the transport 
m ode from  ro a d  to in land  w aterw ay fre ig h ter .
In  iso lation , i.e. w ithou t including  a  50%  red u ctio n  in  overall transporta tion  d istance travelled , 
the sw itch  to in land  freigh ter resu lts in:
° R eduction  o f  approxim ately  0 .2%  o f  the to tal energy  requ irem ent o f  the  w hole L P fL  cycle. 
9 T he G lobal W arm ing  im pact o f  the  L P fL  cycle is reduced  by  0.3%
9 T he O zone D eple tion  im pact o f  the  L P fL  cycle is reduced  by  2.0%
0 P ho tochem ical Sm og fo rm ation  in  the  L P fL  cycle  is reduced  by  0.3%
A sse s sm e n t 3:
C om bining  A ssessm ents 1 and  2: com bin ing  the  sw itch  to in land  freigh ter w ith  the 50%  
reduction  in  overall transporta tion  d istance travelled:
• R eduction  o f  approx im ately  1.2% o f  the to ta l energy requirem ent o f  the w hole  L P fL  cycle.
• T he G lobal W arm ing  im pact o f  th e  L P fL  cycle  is reduced  by  1.65%
9 T he O zone D eple tion  im pact o f  the  L P fL  cycle is reduced  b y  9.1%
9 P ho tochem ical Sm og fo rm ation  in  the L P fL  cycle is reduced  by  6.3%
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The additional qualitative environmental benefits that result from this strategy include:
9 R educed  inner-city  traffic congestion  
• Im provem ents to  u rban  air quality  
9 R educed  noise nu isance 
9 Im proved  road  safety 
9 T he creation  o f  jo b s  in  the recycling  sector
R ecom m endations f o r  fu r th e r  research:
A  sign ifican t research  opportun ity  exists to conduct a full econom ic/environm ental im pact 
analysis o f  w aste  paper co llec tion  from  com m ercial prem ises. T he fo llow ing  aspects cou ld  be 
covered:
- T ransport logistics op tim isation , incorporating  non-linear analysis and  route p lann ing  using  
GIS.
- F uel sw itch ing  options: L ife cycle assessm ent cou ld  be conducted  that assesses d ifferen t fuel 
op tions used  in  co llec tion  vehicles. S uggestions for com parative analysis w ould  include 
natu ral gas, ethanol, e lectric and fue l ce ll vehicles. It w as no t possib le  to incorporate such 
analysis into this L C A  since cw ell-to  w h e e l’ analyses d id  no t exist fo r transporta tion  using  
these fuel options. A ny such  analysis shou ld  o f  course consider issues assoc ia ted  w ith  full 
life  cyc le  im pacts o f  the fuels considered  a n d  com parative analysis o f  localised  fuel im pacts 
w ith  respect to u rban  air pollu tion .
- C ost benefit analysis o f  the strategic p lann ing  o f  w aste  paper co llec tion  from  com m ercial 
prem ises, incorporating  consideration  fo r the avo ided  burden  benefits o f  alternative m ethods 
o f  d isposal, savings from  reductions in  rou te congestion  etc.
- A nalysis o f  feasib ility  o f  riv e r transporta tion  fo r w aste  paper delivery  to p roduction  site in  
term s o f  raw  m ateria l th roughpu t and site s to rage capacity
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11.3.3. S tag e  3 Im p ro v e m e n t: ‘P h a se  2 ’ d e v e lo p m e n t o f  a  ‘P A P E R -M E R F ’: O n -s ite
se p a ra tio n  o f  w aste  p a p e r  s tre a m s , e n e rg y  g e n e ra tio n  fro m  w aste  p a p e r  a n d  co­
p ro d u c t  p ro d u c tio n
T his im provem ent assessm ent strategy  provides a radical look at w hat is best term ed a closed- 
loop Sustainable C ity  approach  to w aste  m aterials d isposal/reprocessing. T he S tage 3 
Im provem ent A ssessm ent sees the PA PE R -M E R F operational at a com m ercial w aste paper 
processing  facility , w hich sorts and processes the w aste into 3 prim ary  stream s:
1: R ecoverable W aste P aper fo r recycled w hite  P+W  paper
2: L ow er grade w aste papers for use on site as fuel (used in process w hich  also bum s 
pulp sludge, thus raising  the gross C alorific V alue o f  fuel to the renew able energy 
plant)
3: A lternative use: e.g. construc tion  m aterial 
F ig u re  11.4. S tag e  3 Im p ro v e m e n t:  ‘P h a se  2 ’ d ev e lo p m e n t o f  a  ‘P A P E R -M E R F ’
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Im p ro v e m e n ts  in  I C A  e n v iro n m en ta l im p a cts  f r o m  fo s s i l  f u e l  red u c tio n s re su ltin g  f r o m  
o n -site  en erg y  g en era tio n  f r o m  w aste  p a p e r  a n d  sludge, co m p a red  to th e  *B a se-C a se  ’ I P f l  
I C A :
T he system  m odelled  in  the S tage 3 Im provem ent A ssessm ents includes the fo llow ing  key  
characteristics:
• T he energy  from  w aste system  a t the in tegra ted  PA P E R -M E R F  site u tilises pu lp ing  sludge 
A N D  sorted  w aste  paper that is (a) o f  the w rong  paper grade and  (b) p ap e r o f  a  suitable 
grade b u t degraded  b eyond  the p o in t at w h ich  fibre (m aterial) recovery  is v iab le  fo r use in  
recy cled  uncoated  w oodfree p rin ting  and  w riting  paper.
$  S uch  recycled  and  sorted  w aste  paper m ay  b e  reusab le  to m ake a low er grade product. 
H ow ever, its econom ic value  is low  and  in  the U K , ex isting u se  o f  recycled  w aste  paper for 
such  grades is already  a t h igh  capacity . A s U K  w aste  paper recovery  ra tes increase fu rther 
and  sorting  technologies im prove, uses fo r such low er grades m ay  becom e increasing ly  
d ifficu lt to find. A s an  alternative to landfill fo r th is organic m ateria l, the  B PE O  in  term s o f  
the w aste  h iera rchy  is to u tilise  it to derive energy  from  w aste.
T he S tage 3 im provem ent assessm ent has b een  m ade over a range o f  w aste  paper fo r energy 
quantities. T hese have b een  selected  over a  range o f  p e r annum  tonnages o f  n o n -u w f P + W  w aste 
papers that cou ld  p ractically  be recovered  in  the L ondon  and  South-east region. See T able 4.8. 
Section  4.3.5. fo r w aste paper ava ilab ility  detail b y  reg io n  and T able 4 .5 . fo r a b reakdow n by  
grade o f  papers u sed  in  com m ercial p rem ises.
S cen a r io  1:
20,000 tonnes p e r annum  o f  low  grade w aste  paper fo r energy is a d d ed  to  the energy recovered  
from  sludge. A s a  resu lt, the fo llow ing  im pact reductions occur to the se lec ted  L C A  im pact 
categories:
9 A pprox im ate ly  11% o f  the to ta l energy  requ irem en t o f  the w hole L P fL  cycle  is m et from  the 
use o f  the sludge and  w aste  p ap e r as a renew ab le  energy resource.
9 T he G lobal W arm ing  im pact o f  the L P fL  cycle is reduced  b y  11%
9 T he O zone D eple tion  im pact o f  the L P fL  cycle is reduced  by  3.2%
9 P ho tochem ical Sm og fo rm ation  in  the L P fL  cycle  is reduced  b y  4 .0%
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S cen a r io  2:
40 .000 tonnes p e r annum  o f  low  grade w aste  p ap e r fo r energy is ad d ed  to the energy recovered  
from  sludge. A s a resu lt, the  fo llow ing  im pact reductions occur to the selec ted  L C A  im pact 
categories:
• A pprox im ate ly  21%  o f  the to tal energy  requ irem en t o f  the w hole L P fL  cycle is m et from  the 
use  o f  the sludge and  w aste  p ap e r as a renew able energy resource.
• T he G lobal W arm ing im pact o f  the L P fL  cycle is reduced  by  21%
° T he O zone D eple tion  im pact o f  the L P fL  cycle is reduced  b y  6.6%
• P hotochem ical Sm og fo rm ation  in  the  L P fL  cycle is reduced  by  8.3%
S cen a r io  3:
60.000 tonnes per annum  o f  low  grade w aste  paper fo r energy is a d d ed  to  the energy  recovered  
from  sludge. A s a result, the fo llow ing  im pact reductions occur to the se lec ted  L C A  im pact 
categories:
0 A pprox im ately  34%  o f  the to ta l energy  requ irem en t o f  the w hole L P fL  cycle is m et from  the 
use o f  the sludge and  w aste  p ap e r as a  renew able  energy resource.
• T he G lobal W arm ing  im pact o f  the  L P fL  cycle is reduced  by  34%
0 T he O zone D eple tion  im pact o f  the L PfL  cycle is reduced  by  10%
0 P hotochem ical Sm og fo rm ation  in  the  L P fL  cycle is reduced  b y  13%
T he additional qualitative env ironm enta l benefits  that resu lt from  this strategy  include:
0 Increased  recycling  o f  w aste  p ap e r from  com m ercial prem ises
0 T he developm ent o f  a  P A P E R -M E R F  w hich  turns local w aste  into locally  p roduced  and 
locally  needed  recycled  products 
0 Iso la tion  o f  low -grade w aste  fraction  that has re la tively  h igh  calorific  value and  low  air 
p o llu tion  em issions
9 U se o f  w aste  paper fractions on  in tegra ted  P A P E R -M E R F  site w h ich  avoids subsequent 
transporta tion  im pacts to  alternative recy cled  p roduction  site o r to  final w aste  disposal.
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T he env ironm ental benefit o f  the  energy  from  paper process has b een  analysed  here so lely  w ith  
respect to its energy  balance. A s d iscussed  in  S ection  8.5.1., energy use and  associa ted  carbon  
dioxide em issions are the largest sing le im pact ca tegories in  the paper cycle. T he purpose o f  this 
analysis, b ased  on  the lim ited  in fo rm ation  available , w as to  determ ine h o w  m uch  energy  cou ld  
be  generated  (taking into accoim t the  gross calorific  values o f  paper and  sludge and the likely  
generation  p lan t efficiency) and  thus, how  m uch  fossil fuel energy cou ld  be  d isp laced  from  the 
cycle. C urren tly  no life cycle data  have been  developed  for this process w here  energy is 
generated  pu re ly  from  a w aste  p ap e r stream .
F urther research  is also req u ired  to consider ash  d isposal im pacts from  the energy  from  
sludge/w aste  paper process. W ith  resp ec t to  ash /sludge disposal, new  technologies are being  
developed  that enable inorganic p ap e r fille r m ateria ls to be recovered  fo r re-use. A t the tim e o f  
developm ent o f  the L P fL  L C A  research , no m an u fac tu rer’s L C I data  w ere available to m odel 
any aspect o f  this process.
It w o u ld  also be  o f  value to conduct a fu ll econom ic/environm ental im pact analysis o f  B PE O  
options fo r w aste  paper grades co llec ted  and  so rted  a t a  P A PE R -M E R F site that are no t to be 
u tilised  in  the p rim ary  recycled  p roduc tion  process. T he fo llow ing aspects cou ld  be  covered:
C om parative L C A  o f  energy  from  w aste  paper, com pared  to energy  from  m unicipal so lid  
w aste  (M SW ). A  pu re  w aste  p ap e r inpu t to an  energy  generation  p lan t w ou ld  resu lt in  som e 
ch lo rina ted  com pound  re leases due to p ap e r b leach ing  residues. Such re leases w ould  
p red ic tab ly  be sign ifican tly  low er w h en  com pared  to energy generation  from  M SW , w hich  
contains a h ig h  p roportion  o f  p lastics. A nalysis could  also be m ade o f  the im pact o f  
incorporating  the sm all p o rtion  o f  ‘s tick ies’ (p lastic m aterials extracted  in  the pu lp ing  
process th a t are generated  on  site) into the  energy  from  paper/pu lp  sludge plant.
- C om parative L C A  o f  energy  from  w aste  paper, com pared  to energy  from  w oody biom ass. 
A s a renew able energy  source, w oo d y  b iom ass is ju stifiab ly  regarded  as a  clean  technology. 
In  com parison, the com bustion  o f  p ap e r fo r energy  m ay be perceived  as a po llu ting  w aste  
incineration  process. In  v iew  o f  the inert natu re o f  w aste  paper fib re com pared  to  w oody
Recommendations fo r  further research:
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biom ass, w hich  contains vo latile  w o o d  oils, such  a com parative analysis cou ld  serve to 
g reatly  streng then  the env ironm ental case fo r energy  from  paper.
- A  com parative L C A  study cou ld  be undertaken  betw een  the on-site u se  o f  the w aste  paper 
fo r energy  generation  and  its u se  in  co-product production.
N o  quantitative analysis has b een  conducted  here concern ing  the app lica tion  o f  autom atic 
sorting  equipm ent fo r w aste  p ap e r separation  at a  PA PE R -M E R F. In itia l scoping  studies o f  this 
technology  ind icate  that w ith  respect to env ironm enta l im pacts, no  sign ifican t increases to  the 
frill L P fL  cycle w o u ld  resu lt fo r an  au tom ated  operation  since the m otive  energy  requ irem ent is 
no t h igh. F u rther cost-benefit research  is requ ired  to assess how  such a techno log ica l change 
w ould  im prove the w aste  paper sorting  operational efficiency.
T here are d istinct advantages in  deriv ing  energy  from  this low er grade paper w aste  stream  in 
term s o f  the organic p ap e r w aste  b e in g  d iverted  from  landfill. T his fits in  w ith  E U  L andfill 
D irective targets regard ing  the reduction  o f  organ ic w aste  to landfill. C ost-benefit analyses 
could  be  conducted  to  consider h o w  landfill tax  rises w ou ld  increase the com m ercial advantage 
o f  recycling  w aste  p ap e r (for m ateria l o r energy  value) ra ther than  com m itting  it to final w aste  
d isposal
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11.3.4. S tag e  4 Im p ro v e m e n t:  R ev e rse  T ra n s p o r t  L og istics. A n a ly sis  o f  p o te n tia l fo r  
lin k in g  jo u rn e y s  in to  th e  c ity  (P + W  p a p e r  su p p ly ) w ith  jo u rn e y s  o u t o f  th e  city  
(w aste  P + W  co llec tion  fro m  offices).
F ig u re  11.5. S tag e  4 Im p ro v e m e n t:  R ev erse  T r a n s p o r t  L og istics.
Waste Paper 
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Waste Paper Sorting 
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Alternative Use
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re-pulping processPaper Sludge
Energy: CHP from paper 
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papers to London
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100% recycled graphics 
paper production
Paper Use in Commercial 
Premises
Im p ro vem en ts  in  L C A  en v iro n m en ta l im pacts  as a resu lt o f  reverse tra n sp o rt logistics  
optim isa tion , co m p a red  to th e  ‘B a se -C a se ’ L P fL  L C A :
A strategy  to link the w aste  co llec tion  and delivery  operation to the P A PE R -M E R F (located  in 
close proxim ity  to the p roduction  facility ) w ith  the final delivery  o f  the L PfL  product to the 
consum er w ould  only result in very m arginal quantitative im provem ents to the environm ental 
im pact reductions reported  in the S tage 2 Im provem ent A ssessm ent. W hat can  be concluded 
how ever is that any such m ove to fu rther ‘close the loop’ on transport log istics in  the Local 
Paper for L ondon cycle w ould  be ano ther pragm atic step tow ards con tribu ting  to the additional 
qualita tive environm ental benefits reported  in the S tage 2 Im provem ent analysis. T hese
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included; reduced  inner city  traffic congestion , im provem ents in  u rban  a ir quality , reduced  noise 
im pacts and  im proved  road  safety.
Recommendations for further research:
T he fo llow ing  research  recom m endations, listed  in  the S tage 2 Im provem en t A ssessm ent apply  
here. T hese cover research  into; transport log istics op tim isation, fuel sw itch ing  options, savings 
arising  from  reductions in veh icle  flee t operating  costs and  reduced  rou te  congestion.
11.3.5. S ta g e  5 Im p ro v e m e n t:  S a te llite  In d u s tr ie s .  A n a ly sis  o f  p o te n tia l  S a te llite  
In d u s tr ie s  th a t  co u ld  g ro w  a ro u n d  a  P A P E R -M E R F
T he PA P E R -M E R F  concep t clearly  delivers the E co- Industrial P ark  concep t to  L ondon. B y 
defin ition , the E co-Industrial P ark  concep t seeks to  develop a com m unity  o f  businesses that 
co llaborate  to co llectively  im prove resou rce  efficiency  and  overall env ironm ental perform ance 
o f  their operations (Satterthw aite , 1999). I f  a  PA P E R -M E R F  w ere  developed , there w ou ld  be 
po ten tia l to encourage and  develop ‘Satellite  In d u stries’ that are also invo lved  in recycling  
in itiatives and  w hose m ain  source o f  m ateria l supp ly  is derived  from  com m ercial p rem ises in  the 
city. Section  4.3. h igh ligh ted  the fact that com m ercial p rem ises in  a city  such  as L ondon  p rov ide 
a  v e iy  focussed  and  rich  resource o f  w aste  papers. T he sam e c ircum stance is true in  fact fo r a 
varie ty  o f  h igh-grade recyclab le m aterials. T hese include:
- P rin ter toner cartridges 
F luorescen t ligh t bulbs 
C om puter equipm ent
- T elecom m unications equipm ent
- M etal and  p lastic  drinks cans 
O ffice furniture
A ll o f  these w aste  resources have ex isting  recycla te  m arkets. O ne advantage how ever o f  
a ttracting  such businesses to position  them selves as ‘sa te llites’ to the P A P E R -M E R F  is th a t all 
have the po ten tia l to m ake use  o f  the  co llec tion  and  delivery  jo u rn ey  be tw een  the com m ercial 
consum er and  the P A P E R -M E R F  E co-Industria l Park .
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Figure 11.6. Stage 5 Im provem ent: G row th of Satellite Industries
Im p ro vem en ts  in  L C A  e n v iro n m en ta l im p a cts  as a resu lt o f  sa te llite  in d u strie s , com pared  to
the ‘Base-Case’ LPfL LCA:
As w ith  the S tage 4 Im provem ent A ssessm ent, no quantitative analysis has been conducted  for 
S tage 5.
T he additional qualitative environm ental benefits that resu lt from  this strategy  include:
• R educed  inner-city  traffic congestion
• Im provem ents to urban  a ir quality
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• R educed  noise nuisance
• Im proved  road  safety
0 T he creation  o f  jo b s  in the recycling  sector
T he system  m odelled  in  the S tage 5 Im provem ent A ssessm ent looks a ju s t  how  far recycling  
in itia tives could  be in tegrated  in  o rder to  rad ically  stream line the ex isting m ultip le  jo u rn ey s th a t 
are m ade ou t o f  the city  to  co llec t com m ercia lly  generated  recyclab le m ateria ls and  b ack  in to 
the  city  to  deliver re fu rb ished  recy cled  products. A ny  such proposal is fa r rem oved  from  the 
com m ercial realities o f  the ex isting  system s o f  w aste  and  m aterials m ovem ents in  and  ou t o f  a 
city. H ow ever, the fu rther w e are requ ired  to p rogress along a path  o f  stric ter environm ental 
contro l in  o rder to m eet u rb an  a ir quality  objectives, congestion  reduction , public transport free­
flow , ro ad  safety  and no ise reductions, the m ore  likely  it becom es that th is so rt o f  com m ercial 
business and transport in tegration  is deem ed  econom ically  v iab le and  socially  desirable.
R ecom m endations f o r  fu r th e r  research:
T he follow ing  research  recom m endations, listed  in  the  S tage 2 Im provem ent A ssessm ent app ly  
here. T hese cover research  into; transport log istics op tim isation, fuel sw itch ing  options and  
savings arising  from  reductions in  vehicle  flee t operating  costs and  reduced  rou te congestion .
11.3.6. R e s u lt  O b se rv a tio n s  fo r  th e  L P fL  ‘B ase  C a se ’ Im p ro v e m e n t S tra te g ie s
T he quantita tive resu lts fo r the various stages o f  System  Im provem ent dem onstrate that 
sign ificant environm ental im pact reductions can  b e  m ade to the L PfL  cycle across a  w ide range 
o f  key  categories.
T he L ocal P aper fo r L ondon  ‘B ase-C ase’ system  does indeed start ou t as a  sound  environm ental 
perform er. W h at has b een  dem onstrated  here  is th a t as the  ‘c losed-loop’ recycling  system  is 
im proved, w ith  respect to transporta tion  im pacts, m ateria ls recovery  and  energy  generation, then  
key  im pacts can  be reduced  m uch  further. T he sign ificant benefit o f  th is w o rk  is that som e o f  
these k ey  im pact reductions have now  b een  quantified .
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T he im provem ent strategies developed  h ere  have also identified  key  areas o f  po ten tial for 
fu rther im provem ent th a t canno t be  assigned  sim ple values in  this analysis. T he com pound 
benefits  o f  transport reductions, the creation  o f  jo b s  in recycling  and  reduction  in  landfill 
dem and  are all areas in  w h ich  th is system  contribu tes to  the w id er aim s o f  im prov ing  recycling  
efficiencies from  the u rban  area.
11.4. T h e  L o ca l P a p e r  fo r  L o n d o n  a vo ided  b u rd en s  ‘B ase  C a se ’
11.4.1. In tro d u c tio n
T he Im provem ent A ssessm ent resu lts p resen ted  in  Section  11.3. o f  th is rep o rt have been  
developed  using  recogn ised  L C A  m ethodo logy  to look  a t the ‘crad le to g rav e ’ environm ental 
im pacts associa ted  w ith  the ‘B ase-C ase’ L ocal P aper fo r L ondon  produc tion  cycle. In  th a t cycle, 
the ‘g rav e’ fo r the recovered  w aste  paper ejected  from  the  use phase becom es the raw  m ateria l 
supp ly  fo r the n ex t generation  o f  L P fL  product. T he w aste  paper co llected  and  u tilised  in  the 
p roduction  o f  L ocal P ap er fo r L ondon  w as effectively  regarded  as a ‘free ’ w aste  input. T he 
actual environm ental im pacts considered  in  the u tilisa tion  o f  this raw  m ateria l w ere associa ted  
w ith  the ‘in -cy c le’ im pacts re la ting  to  co llection , sorting  and  d istribu tion  to the L ocal P aper for 
L ondon  p roduction  facility . F rom  an  L C A  perspective, the ‘g rave’ im pacts considered  as 
em issions to the environm ent w ere assoc ia ted  w ith  the sludge from  pulp  and  paperm aking  and  
o ther w aste  p roducts from  production , co llec tion  and  sorting.
In  th is sec tion  o f  the report, the L C A  system  boundary  has been  ex tended  and  the L ocal P ap er 
fo r L ondon  cycle has b een  cred ited  w ith  the  a vo id ed  burdens  o f  d iverting  all the w aste  paper 
u tilised  fo r recycled  paper p roduc tion  a n d  renew able energy generation  in  the  P A PE R -M E R F 
from  disposal in  landfill. F igure  9.5., the L P fL  a vo id ed  burdens  ‘B ase C ase ’ cycle, is show n 
again  to  illustra te how  the system  boundary  has b een  extended. The closed-loop  cycle rem ains 
in tact (show n b y  the green  line o u t o f  the use  phase). T he avoided  burdens are incorporated  into 
th is analysis b y  cred iting  the L P fL  cycle w ith  its ro le  in  no t allow ing  w aste  p ap e r to fo llow  the 
red  line afte r the use  phase to final d isposal.
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Figure 9.5. The Local Paper for London a v o id e d  b u rd en s  ‘Base-Case’ Scenario,
Waste Paper Collection Waste Paper Sorting Waste Paper Distribution
from London Offices
- >
Operation
Recycled Fibre Plant 
De-inking and 
re-pulping process
-------- T -----------------'------------
Distribution of 100% Papermaking Process.
Paper Use in Commercial recycled graphics paper to 100% recycled graphics
Premises 4 - London < - paper production
Note: the green arrows illustrate the LPfL fibre-flow cycle.
The red arrow indicates the system extension applied to the LPfL avoided burdens ‘Base-Case’ where the 
cycle is credited with diverting this waste from final disposal
The simplified flow diagram omits material and energy inputs and waste flows associated with the cycle, 
which occur across virtually all stages
11.4.2. O v erv iew  o f  th e  A v o id ed  B u rd e n s  A sso c ia ted  w ith  th e  D iv ersio n  o f  W a s te  P a p e r  
fro m  L an d fill.
I f  w aste paper is d iverted  from  landfill, s ign ificant reductions are ach ieved  across a num ber o f  
LC A  environm ental im pact categories. T hese include:
- E n erg y  C onsum ption . A  p roportion  o f  the m ethane gas generated  in the landfill is capped  
and used for energy production , but s ign ifican t energy im pacts do still result from  landfill. 
T hese are prim arily  associa ted  w ith  transport to landfill, and transporta tion /m achinery  
associa ted  w ith  landfill construc tion  and decom m issioning  and  landfill m ain tenance over 
its lifetim e.
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- G lo b a l  W a r m in g  P o te n tia l . Estim ates o f  the carbon content o f paper relative to m ixed 
mim icipal solid w aste (M SW ) suggest that paper has about a third m ore carbon per unit 
weight than M SW  (IIED, 1996). This means that w hen it decomposes, paper can be 
expected to generate relatively m ore carbon dioxide and m ethane emissions (both 
greenhouse gases) than m ost other m aterials present in the landfill site. Any carbon 
dioxide released from paper decom position represents carbon dioxide originally absorbed 
by the trees from w hich the paper was originally made. In contrast, the m ethane released 
has a far higher GW P than C 0 2 and as a result paper in landfills represents a substantial 
net contributor o f  greenhouse gases to the atmosphere (Paper Task Force, W hite Paper 
N o .3. 1995).
- P h o to c h e m ic a l  S m o g  P r o d u c tio n .  Due to transportation and m achinery in waste delivery 
and landfill m anagem ent and due to emissions to air directly from  the landfill site.
- N utrification and Aquatic Toxicity. Both result from the decomposition o f  waste and 
prim arily organic waste and the subsequent production o f landfill leachate.
- O d o u r .  Due to the putrification o f  organic substances in landfill
For the purposes o f this report, the im provem ent assessment results presented in this section, 
focus only on reductions m ade in energy impacts, global warm ing potential and photochem ical 
sm og production. The justifications for this are as follows:
- Because o f  the lack o f  data on nutrification, aquatic toxicity and odour from the rest o f the 
LPfL cycle, as discussed in  Section 9.11, the avoided burdens for these categories cannot 
be quantified.
- N either ozone depletion nor acidification is considered here since the avoided burdens are 
not significant (see Figure 11.7).
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11.4.3. The Local Paper for London avoided burdens ‘Base Case’ Environmental Impact 
Profile
Figure 11.7. shows the ‘Base-Case’ LCA Impact Profile o f  the Local Paper for London cycle 
with the inclusion o f  the avoided burdens resulting from 100% o f the waste paper collected in 
the cycle being diverted from landfill. In order to demonstrate the significance o f the landfill 
avoidance burdens Figure 11.7 also shows the Impact Profiles for the LPfL ‘Base-Case’ with no 
avoided burdens.
As for the Impact Profile reported in Section 10.2., the impacts relate to the ‘functional unit’ o f 
the Local Paper for London Life Cycle Assessment as cited in Section 9.3.
Figure 11.7. Selected Comparative Life Cycle Data for The Local Paper for London ‘Base 
Case’ with and w ithout the avoided burdens of paper waste disposal to landfill.
LCA Category LPfL ‘Base-Case’ 
LCA result per F.U.
LPfL Base-Case’ with 
avoided landfill LCA 
result per F.U.
Energy (MJ) 20.776 GJ 12.01 GJ
GWP (C 02 equiv.) 1025.33 kg -607.80 kg
Acidification (kg S 0 2) 3.122 kg 3.099 kg
Ozone depletion (kg CFC 11) 0.000188138 kg 0.000188138 kg
Photochemical Smog (kg ethylene) 0.344664 kg - 0.20570 kg
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The ‘Base-Case comparative analyses w ith  and w ith o u t  the avoided impacts o f  landfill for 
Energy Consumption, Global W arm ing Potential and Photochem ical Sm og Form ation 
demonstrate the following:
E nergy C onsum ption:
The avoided burdens reduce the energy consum ption for the ‘Base-C ase’ to 12 GJ/functional 
unit from the value o f  20.78 estimated without the avoided burdens.
As explained in Section 11.4.2, this difference occurs as a result o f  the avoided energy impacts 
o f  transporting waste to landfill and, m ore significantly the avoided energy impacts o f  the waste 
paper in landfill over the site’s full life cycle, including landfill construction, m aintenance and 
capping/closure. 1 tonne o f paper in landfill results in 8.4GJ o f  energy use over the life cycle, 
complem ented by some reduction in transport for collection, as discussed in Section 10.4.2. The 
analysis has allowed for a small proportion o f  recovered energy derived from average methane 
gas recovery and utilisation statistics for the U K  (PIRA, 1997).
Global W arm ing Potential:
The Global W arm ing Potential figure for the ‘Base-C ase’ is reduced to a negative figure o f 
-6081cg C 0 2 equivalent (100 year time horizon/functional unit) from the value o f  1025 kg if  the 
avoided burdens are not included.
As explained in Section 11.4.2, m ethane is the m ost significant source o f  global warm ing from 
organic m aterial (such as paper) in landfill. One tonne o f  paper in landfill results in 59kg o f  
methane releases over the life cycle. M ethane emissions have a GW P that is 21 times greater 
than emissions o f  C 0 2, considered over a tim e horizon o f  100 years (CM L. 2001), therefore the 
release is equivalent to 1239kg o f  C 0 2. The other releases that bring about the change arise from 
transport impacts in the collection and landfill operations.
P hotochem ical Sm o g  Form ation:
The Photochem ical Smog Form ation figure for the ‘Base-C ase’ is reduced to a negative figure 
o f  -0.2057kg ethylene equivalent/functional unit from 0.345kg w ithout the avoided burdens.
11.4.4. Comparison of Impact Assessment Results.
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This difference is prim arily attributable to avoiding fossil fuel use in transport to landfill and 
m achinery operations over the lifetime o f  the site. A small part o f this impact also occurs as a 
result o f  methane gas recovery and flaring.
11.4.5. Quantitative Analysis of Improvement Strategies Introduced to the Local Paper for 
London avoided burdens ‘Base Case’ cycle.
The results in this Section revisit the quantitative analysis o f improvements developed in Section
11.3. Here, the same practical argum ents for system  improvement via integration are put 
forward. The results are shown in Table 11.1. alongside the LPfL ‘base-case’ improvement 
results where the avoidance o f landfill was not considered.
W ith respect to issues that may result from each strategy regarding additional qualitative 
environm ental impact benefits and recom m endations for further research, those discussed at 
each stage in Section 11.3. still stand and are not repeated here.
Table 11.1. Presentation of Improvement Assessment Results for LPfL ‘base-case’ with 
avoided burdens of diversion to landfill, with comparison of results from Section 11.3.
l.A. Stage and Impact Categories Results for 
LPfL ‘base- 
case'
Results for 
LPfL avoided 
burdens 
‘base-case’
Stage 1 Improvement Assessment: Utilise pulp/paper production sludge as 
fuel for on-site energy generation.
See Section 11.3.1. for Stage 1. System flow diagram and further detail of I. A. 
strategy
% of the total energy requirement of the whole LPfL cycle met by the use of the 
sludge as a renewable energy resource.
7% 12%
% change in the Global Warming impact in the LPfL cycle -7% -12%
% change in the Photochemical Smog Formation impact in the LPfL cycle -3% -3.75%
Stage 2 Improvement Assessment: Planned Collection and ‘Phase 1’ 
development of a ‘PAPER-MERF’: Improving Transportation impacts 
associated with the waste paper collection cycle.
See Section 11.3.2. for Stage 2. System flow diagram and further detail of l.A. 
strategy
Only very marginal changes 
occur to the key 
environmental impacts in this 
stage when analysed with or 
w ithout the avoided burdens to 
landfill being considered in the 
LPfL cycle
Continued over:
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Table 11.1. continued:
I.A. Stage and Impact Categories Results for 
LPfL ‘base- 
case’
Results for 
LPfL avoided 
burdens 
kbase-case’
Stage 3 Improvement Assessment: Planned Collection and ‘Phase V  
development of a ‘PAPER-MERF’: On-site separation of waste paper 
streams, energy generation from waste paper and co-product production
See Section 11.3.3. for Stage 3. System flow diagram and further detail of I.A. 
strategy
Scenario 1:
20,000 tonnes per annum of low grade waste paper for energy is added  to the 
energy from sludge plant analysis.
% of the total energy requirement of the whole LPfL cycle met by the use of the 
sludge and waste paper as a renewable energy resource.
11% 34%
% change in the Global Warming impact in the LPfL cycle -11% -75%
% change in the Photochemical Smog Formation impact in the LPfL cycle -3% -64%
Scenario 2:
40,000 tonnes per annum of low grade waste paper for energy is a dded  to the 
energy from sludge plant analysis.
% of the total energy requirement of the whole LPfL cycle met by the use of the 
sludge and waste paper as a renewable energy resource.
21% 67%
% change in the Global Warming impact in the LPfL cycle -21% -149%
% change in the Photochemical Smog Formation impact in the LPfL cycle -8% -127%
Scenario 3:
60,000 tonnes per annum of low grade waste paper for energy is a d d ed  to the 
energy from sludge plant analysis.
% of the total energy requirement of the whole LPfL cycle met by the use of the 
sludge and waste paper as a renewable energy resource.
34% 105%
% change in the Global Warming impact in the LPfL cycle -34% -288%
% change in the Photochemical Smog Formation impact in the LPfL cycle -13% -191%
Stage 4 Improvement Assessment: Reverse Transport Logistics. 
Analysis of potential for linking journeys into the city (P+W paper 
supply) with journeys out of the city (waste P+W collection from 
offices).
Only very marginal changes 
occur to the key 
environmental impacts in this 
stage when analysed with  or 
w ithout the avoided burdens to 
landfill being considered in the 
LPfL cycle
Stage 5 Improvement Assessment: Satellite Industries. Analysis of 
potential Satellite Industries that could grow around a PAPER- 
MERF
No quantitative comparisons 
made
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11.4.6. Result Observations for the LPfL avoided burden  ‘Base Case9 Improvement 
Strategies
Im p a c t A ssessm en t Issues:
By including the environm ental benefit that the LPfL system brings in avoiding landfill disposal 
impacts, it has been dem onstrated that m ajor changes are made to the LCA  ‘base-case’ im pact 
profiles for energy consumption, global w arm ing potential and photochem ical smog production . 
As discussed in  Section 8.4.5., this analysis cannot be compared w ith those undertaken by the 
Paper Task Force Study (Paper Task Force, W hite Paper N o 3, 1995) because it uses a different 
system  boundary. N o other published LCA data were found that also view ed recycled u w f P+W  
production w ith a sim ilar extended system  boundary. The benefit o f  this stand-alone life cycle 
analysis lies in  demonstrating the dram atic effect o f  landfill avoidance and in  showing that if  
this aspect o f  the recycled paper cycle is considered, then the overall impacts o f  the cycle are 
greatly reduced. Owing prim arily to the avoided impacts o f methane dispersal from waste paper 
in landfill, this cycle actually results in a positive benefit w ith respect to Global W arm ing 
Potential. The analysis w ith energy recovery also included in the system  shows that, i f  60,000 
tonnes o f  waste paper is used for energy generation, the cycle w ould actually achieve a zero 
energy requirement.
The results given in Section 11.4 should how ever be used w ith some degree o f  caution. Further 
research is needed to establish w hether 100% o f  the paper collected in the LPfL cycle is really 
being diverted from landfill. The following questions, raised in this research, need to be 
answered before a true consideration o f  the landfill avoidance benefit o f  the LPfL cycle can be 
made:
° In London specifically, w hat proportion o f  waste papers from  comm ercial prem ises,
currently not entering the recycle stream  goes to energy from  waste rather than 
landfill?
® Is it fair to assum e that the LPfL cycle diverts 100% o f  the waste collected from final
disposal? M any o f  the consum ers who sign up to the cycle m ay have been com m itted 
paper recyclers already. Research is required to determine exactly how m uch waste 
the LPfL cycle actually recovers o v e r  a n d  a b o v e  the current collection rate for the 
same grade o f  paper currently gathered from  offices in the London region. In
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answering this question it w ould be possible to assert to w hat degree the LPfL cycle 
acts as a m echanism  o f  change regarding recycling habits in com m ercial prem ises.
Im provem en t Strategies:
W ith respect to transportation reductions and the utilisation o f sludge for energy, the recorded 
statistical changes do not vary greatly com pared to the standard ‘B ase-C ase’ as reported in 
Section 11.3. The higher percentage point improvements now arise sim ply as a result o f  the 
avoided burdens ‘Base-C ase’ having lower environm ental impact figures as a starting point.
Use o f  waste paper for energy generation now  results in very significant im provements because 
the paper used has also been credited w ith 100% diversion from landfill. A  double credit is thus 
achieved where fossil fuel used in paper production is r e p la c e d  w ith on-site renewable energy 
generation and s a v e d  w ith landfill avoidance being achieved. These im provem ent strategies 
deliver a logical interpretation o f  BPEO (Best Practicable Environm ental Option). Local Paper 
for London enables the m ost valuable portion o f  the waste paper stream  to be recycled and to 
thus m aintain its m aterial value. The fate o f  lower grade waste paper is also dealt w ith and its 
BPEO is to incorporate it in the collection cycle -  thus eliminating it from  the likely final 
disposal option -  and for it to be separated out at the PAPER-M ERF so that its energy value can 
be used to contribute to the m anufacture o f  LPfL. There is inherent com m on sense in this 
argument; take a paper waste stream  -  refine it, m ake use o f the best fibrous m aterial to make a 
new  product and use lower grade waste paper w ith little material value to generate energy to 
m ake paper for re-use back in  the cycle fi*om w hich it came.
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SECTION TWELVE 
Conclusions.
12. C o n c lu s io n s
Paper is without doubt a com plex product to conduct a life cycle assessm ent upon. Boundary 
definitions can be difficult to resolve and this can subsequently m ake comparisons betw een 
different production systems difficult. For example, w hen considering virgin production 
systems, tim ber is a growing natural resource; therefore, how far ‘upstream ’ should the 
assessment go into the tim ber growing cycle? The tim ber used for paper production is in some 
circumstances, but not others, a ‘co-product’ o f  tim ber extracted from the forest for construction 
purposes. Tim ber is a renew able product that also plays an important part in  sequestering C02 
emissions from fossil fuel use, including paper production. Boundary issues also present 
them selves in  the ‘dow nstream ’ analysis o f  the paper cycle. Should com parative analysis o f 
different paper production strategies stop at the point where paper is finally disposed of? I f  so, 
how are recycled and virgin paper production scenarios to be fairly compared? Virgin 
production implies no recycling, therefore landfill disposal impacts or incineration for energy 
have to be considered; on the other hand, recycled production implies a recycling strategy exists, 
so landfill impacts or incineration can be avoided.
As a consequence, it is difficult to m ake definitive comparisons betw een virgin and recycled 
production for paper products. W hilst the functionality o f  the end-product is essentially the 
same, these two production cycles in  m any respects could not be m ore different. One draws its 
raw  m aterial from a living eco-system  where growing, harvesting and tim ber transport and 
processing issues all have to be considered. The other cycle avoids one waste problem, nam ely 
the diversion o f  waste paper from  final disposal, but at the expense o f  creating other 
environm ental problem s such as sludge disposal and increased local traffic movements. Because 
the study involves different and incom m ensurable impacts no single definitive answer can be 
draw n on the relative m erits o f  the two product systems. However, LCA is the only 
environm ental m anagem ent tool that can be used to address this kind o f  comparison.
This study has used LCA to assess LPfL in two ways. Firstly, the boundary has been drawn to 
view  LPfL solely as a recycled paper production system; this way, some comparisons could be
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12.1. L ife Cycle Assessment and System Complexity in Paper Production.
made with sim ilar paper production LCAs. The system  boundary has then been extended to 
consider the full planned benefit o f  the Local Paper For London cycle; nam ely that the cycle 
produces a local product for local needs by the use o f locally available raw  m aterial, a n d  
actively avoids the burden o f  a valuable waste m aterial being consigned to landfill, which is 
currently the predom inant fate in the U K  for the waste paper that LPfL utilises.
12.2. LCA -  A  Quantitative Assessment Methodology -  to Apply in a Qualitative Decision- 
Making Framework
The examples ju st raised concerning the com plexity o f  applying LCA to paper supply systems 
refer to environm ental impacts w hich can be expressed in simple quantifiable terms. Other 
problem s arise from the fact that the virgin raw  m aterial is extracted from  a variety o f  veiy 
different forest systems, as discussed in Section 6. Here, we are presented w ith a variety o f 
environm ental and ecological impacts, w hich cannot readily be quantified. Depending on the 
forest type, paper can be derived from  a natural ecosystem  with high biodiversity and amenity 
value, to an unnatural and intensely m anaged agricultural system, which damages local flora and 
fauna and has little or no amenity value. Despite some attempts to develop relative valuation 
‘scores’ in LCA  for issues such as ‘biodiversity value’ or ‘landscape/am enity value’, no such 
system  has been approved by the relevant professional body, the Society for Ecotoxicity and 
Chem istry (SETAC), or by  the International Standards Organisation. Even i f  any valuation 
system  had been developed to compare an issue such as biodiversity against others such as local 
air pollution or energy use, the author o f  this study, along with a large contingent o f  those 
involved in life cycle assessment, w ould not opt to employ such a methodology. N o quantitative 
system  can, for example, m eaningfully compare the biodiversity value o f  northern temperate 
forest w ith tropical rainforest or an exotic plantation forest. Equally, it is not possible to assign a 
single num erical rating to forest types to m eaningfully describe their landscape or amenity 
value; too m any non-com m ensurate and non-quantifiable criteria have to be simultaneously 
considered in attempting to provide a single valuation score. In the end, the creation o f any such 
num ber w ould only serve to m isinform  rather than inform  any decision m aking process into land 
use and forestry
The benefit o f  LCA m ethodology lies in  the detailed developm ent o f  data to build up the
inventory o f  impacts throughout the whole cycle. By application o f  the m ethodology developed
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in ISO 14040 to 14043 it is possible to interpret environm ental impacts associated w ith the 
whole life cycle across a range o f  w ell-defined im pact categories. This range o f  impacts must 
also be considered alongside the range o f  qualitative issues about which inform ation has been 
gathered during the assessment.
In  the comparative analysis it is com m only the case that one system will not ‘w in’ over an 
alternative option across the entire range o f  quantified and qualitative im pact categories. For 
example, one system, such as the LPfL cycle in the present work, m ight w in across all but one 
o f the im pact categories. Such a result is however still a good answer since it provides the 
clearest resolution possible to the problem  and enables a decision to be made. The decision in 
such a case m ay be to adopt the new  process but to apply improved technology to tackle the 
high impact category. I f  it proves im possible to improve the environm ental performance in that 
categoiy, it w ill be up to those involved in the decision-m aking process to consider how  
im portant is that one higher impact w hen set against the other impact categories. U nder these 
circumstances, w hat benefit in practical term s w ould a single num ber whole-system  valuation 
score have been to the decision-m akers?
12.3. Applying LCA in the Decision-Making Process for the LPfL PAPER-MERF 
Concept.
The Im provem ent Assessm ent strategies suggested in the Local Paper for London LCA can be 
used to inform  a w ider decision-m aking process into disposal/recycling options for office waste 
paper. The m ethodology described in the recently published S tr a te g ic  P la n n in g  o f  S u s ta in a b le  
W a ste  M a n a g e m e n t:  G u id a n c e  o n  O p tio n  D e v e lo p m e n t a n d  A p p r a is a l  ( O D P M  2 0 0 2 )  w ould 
provide a suitable fram ew ork for further research. Such a developm ent w ould require comm itted 
input from  all relevant stakeholder groups, including; comm ercial paper consumers; comm ercial 
waste paper collection companies; local authority departments (responsible for waste, recycling, 
transport and planning); the relevant regional governing authority (in this case the Greater 
London Authority (GLA)), a paperm aker and an energy generation company. A n outline o f  the 
suggested direction for this w ork is given in A ppendix 1: R.4. Recom m endations for further 
research.
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In  Section 8, it was argued that one o f  the key environm ental disadvantages o f  paper recycling, 
as opposed to virgin production, was the increased fossil fuel use and the absence o f  a co­
product stream  from which energy can be recovered. In the presentation o f  the LPfL 
Im provem ent Assessm ent strategies, we have seen how  a renewable fuel stream could be 
engineered into the cycle simply by frilly integrating the collection, sorting and distribution 
phases with the production system. Recycled paperm akers are already involved in on-site energy 
production; they are beginning to becom e involved in energy recovery from  their sludge 
streams. It is not impossible therefore to imagine that the energy from waste paper scenario 
presented herein is only one step away from  becom ing an industry-accepted norm. W hat the 
results have shown regarding energy generation from waste paper is that the three quantities 
selected for analysis in  Section 11.3., (which all fall into a range that could realistically be 
recovered from London and the South-east) have the potential to m ake a veiy  significant 
contribution to the total energy requirem ents o f  the system  cycle. I f  we ignore the avoided 
burden issue and look at the ‘Base C ase’ LPfL system , we see that by utilising 60,000 tonnes o f 
waste paper per annum at the PA PER-M ERF for energy generation, it is possible to reduce 
fossil fuel dem and in the whole cycle by 34%. It is important to recognise that this reduction 
relates to the entire Local Paper for London life cycle; viewed entirely from the commercial 
paperm akers perspective, the potential ‘on-site’ fossil fuel energy reduction resulting from the 
energy from  waste paper proposal represents a far higher reduction. This potential on-site 
energy saving in the repulping and paperm aking phase o f  the cycle has not been highlighted in 
this report for reasons o f  com m ercial confidentiality.
B y view ing the LPfL cycle as a system  that directly avoids the burden o f  waste papers in the 
cycle going to landfill, w e see that from  an energy perspective, i f  60,000 tonnes o f  low grade 
w aste paper were used for on-site energy generation at the paperm aking plant, then the entire 
LPfL cycle could be view ed as a  zero energy system. In other words; the total energy burden 
avoided from  diverting all the paper from  landfill to the LPfL cycle, com bined with the total 
energy generated from the recovered waste paper m atches the total energy actually consum ed in 
the LPfL avoided burdens ‘B ase-C ase’ cycle.
The Im provem ent A ssessm ent strategies suggested for transportation, have, through necessity, 
been simple. In order to m odel im provem ent here, an arbitrary 50% reduction in transport
12.4. Local Paper fo r London Improvement Assessment Strategies
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distance and a switch from road to sea for the final journey to the proposed PAPER-M ERF have 
been examined. In  reality a range o f  potential im provement strategies could be examined. In the 
Stage 5 Im provem ent A ssessm ent it was suggested that reverse transport logistics could be 
applied such that waste paper collection is coupled w ith finished LPfL product delivery. Such 
research w ould be beneficially inform ed by the ‘EC TEL’ trials conducted in this field for 
mobile phones by the U niversity o f  Surrey (W right et. al., 1998).
It m ust also be considered that transport in the cycle is not lim ited to waste paper collection and 
final product delivery; m ajor transport impacts are also associated w ith m aterial deliveries to the 
DIP and paperm aking plant. There are significant opportunities to look at upstream  m aterial 
purchasing arrangements in the light o f  transport impacts and the overall im pact on the 
environm ental profile o f  the product; i f  supplier switches can be m ade in order to reduce journey 
distances, this w ould improve overall system  efficiency and hence reduce overall environm ental 
impact. Perhaps more significantly however, such a strategy w ould help extend the ‘Local’ 
credentials not only to the finished product and a proportion o f  energy generation, but also to 
peripheral raw m aterial inputs associated with the LPfL production cycle.
The quantitative assessm ent o f  the sludge strategy shows that the net effect o f  using this waste 
product as an energy source does not provide m uch energy to the whole cycle because the net 
calorific value o f the sludge stream  is low. This sludge stream is after ail w et at around 50% 
moisture content and it has a high inorganic (filler) content. Sludge com bustion m ust be view ed 
prim arily as a waste disposal process w hich provides a small energy credit to the system.
Having been unable to consider alternative (co-product) uses for the sludge stream as a part o f  
the LPfL LCA, it w ill be o f  great interest to see how selected co-products w ould perform  in a 
comparative LCA. It is clear in term s o f  ‘Best Practicable Environm ental O ption’ (BPEO) 
considerations that the best w ay to utilise the sludge is on-site, thus avoiding further transport 
impacts. However, the question still exists w hether it is better to generate energy from the 
sludge or to lock this waste up in a building m aterial co-product.
W hat the LPfL LCA w ork shows m ost tellingly is that as the cycle is increasingly integrated,
efficiency improves and key environm ental impacts in the entire cycle drop. The Improvem ent
Assessments suggested make us think about waste material in a positive light and strategise its
collection, sorting and subsequent use as a raw  m aterial, rather than view ing it m erely as a waste
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product. Research into the LPfL LCA has been com plex and far-reaching, requiring prim ary 
data analysis across the whole cycle. The results given however represent no more than key 
starting points into a broad range o f  research questions. These cover topics raised at m any 
junctures in the research chapters, all o f  w hich are condensed in Appendix 1 as 
recom mendations for further research.
12.5. Comparative Analysis Issues
It is notoriously difficult to conduct com parative analysis studies betw een a specific system  and 
a system  described by data derived from  published LCA studies. The prim ary reason for this 
relates to problems in gaining access to background data used in published studies. LCA 
inventories are m ost comm only available w hen the information is used to produce a published 
life cycle inventory for use as background data in further studies. In such a case however, the 
data are com m only presented as a detailed inventory w ith relatively little background data; this 
makes their use in detailed com parative analyses difficult. In endeavouring to draw comparisons 
betw een the LPfL LCA and alternative systems o f  u w f P+W  paper production, a num ber o f 
approaches were attem pted to gain access to full background data on published LCAs in the 
field, including direct requests to prom inent paperm akers and LCA research organisations. 
Am ongst the very few relevant published life cycle inventories that were found to be 
specifically about uncoated w oodfiee printing and writing papers, those contained in the SAEFL 
LCI series on Packaging Products (SEAFL, 1998) provided some guidance. Although the 
research focussed on packaging products, the section on paper, board and corrugated products 
included inventories for graphic papers, including virgin and recycled products. Despite direct 
requests to SAEFL, it was not possible to gain access to background m aterial for com m ercial 
reasons. W hilst it was not possible to use this study as a basis for firm comparison, the w ork 
served as early guidance to the LPfL study in as m uch as the SEAFL results and the developing 
LPfL data for m aterial and energy flows in and out o f  the system were o f  broadly comparable 
magnitude.
As reported in Section 9.7., the published research o f  m ost reference to the LPfL LCA has been
conducted by the US EPA Paper Task Force (PTF) in 1995. The w ork found prim arily in W hite
Paper No3. (Paper Task Force, W hite Paper N o 3. 1995) fits m ost closely to the study conducted
in the LPfL ‘B ase-C ase’ LCA. The system s analysed in the PTF study and in this w ork on LPfL
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could be m ade sufficiently sim ilar to draw comparisons for fossil fuel use, total energy 
consum ption and C 0 2 generation. As discussed in Section 10, energy consum ption and C 0 2 
emissions in the paper cycle are regarded as the m ajor impacts so that the straightforward 
comparisons provided herein are o f  value. Reporting energy consum ption for paper production 
in term s o f  the ‘M J/tonne’ o f  finished product is a comm only reported indicator in the 
paperm aking industiy; the industiy is veiy  energy intensive and energy consum ption is used to 
consider production costs as w ell as environm ental impacts. The energy-based com parison o f  
transport impacts in the final delivery stage o f  the conventional virgin and recycled and LPfL 
cycles is also o f  great benefit; the results highlight how the local aspect o f  the LPfL cycle serves 
to improve on one com m on criticism , as cited in Section 8, that recycled paper production 
results in high transport impacts.
Beyond these key basic comparisons, further detailed comparative analysis was impossible since 
the PTF report gave no detailed inform ation on the process energy types, transport m odes and 
pulping chemicals assum ed in  the study. As a result, further observations on issues such as the 
quantities o f  renew able versus non-renewable C02, the fossil fuel types and electricity 
generation m ix used by each process w ere impossible. Such a lack o f  background detail also 
m ade it impossible to provide any m eaningful comparisons for em ission-related impacts, even 
though the Paper Task Force study lists results for LCA impact categories such as Ozone 
D epletion Potential, Acidification and Photochem ical Smog Production. This illustrates the 
difficulties in attempting to compare the LPfL system  directly w ith published alternatives. G iven 
the complexity o f  LCA and given the fact that it is still an evolving m ethodology using 
constantly updated software systems and background generic data sets, the only w ay to establish 
reliable comparisons is to analyse the alternative product systems w ithin the same research 
project so that the inventories refer to the same background system  at the same point in time. 
Such an objective was beyond the reach o f  the LPfL LCA conducted for the Engineering 
D octorate Thesis, where the prim ary research deliverable was to conduct an LCA o f  the LPfL 
cycle and to develop im provem ent strategies.
12.6. What About the Trees?
In Sections 5.3. and 5.4., a  sim ple analysis into the fibre flow and fibre sustainability o f  the 
LPfL cycle dem onstrated that fibre o f  virgin origin are indeed required to enter the LPfL cycle
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(via w aste virgin paper) in order to offset losses and m aintain sufficiently low fibre age. A ll 
paper that enters the LPfL cycle, including that containing virgin fibre, has been treated in this 
study as a free waste material. This is also the basis used in  the Paper Task Force study into 
‘recycled production plus recycling’ where the system  includes collection o f  waste paper, 
transportation and processing and the m anufacture o f  recycled paper. W hilst it can be argued 
that the LPfL cycle n e e d s  this virgin fibre input, it was not m anufactured for the production o f 
LPfL; it has been utilised once as a finished product and the LPfL cycle m akes use o f  it as a 
discarded m aterial otheiw ise destined for final waste disposal, or some other recycle use.
Table 5.3. dem onstrated that in  th e o r y , the production o f  1 tonne o f  LPfL actually results in a 
m inim um  o f 483 kg and a m axim um  o f  966kg o f  tim ber having to be harvested, depending on 
the type o f  forest m anagem ent system  employed. In comparison, it was shown in Table 5.4. that 
1 tonne o f  virgin u w f P+W  paper requires a m inim um  o f  1.7 tonnes and a m axim um  o f  3.4 
tonnes to be harvested. W hilst the LPfL LCA system boundaiy has not been extended to 
incorporate the avoided burdens associated w ith reduced use o f virgin fibre, these figures 
indicate the role o f  recycling in reducing dem and on global forest systems. It is fair then to make 
a stand-alone statement that in comparison to virgin production, 1 tonne o f  sustainably produced 
LPfL 100% recycled uw f P+W  paper, saves a m inim um  o f  approxim ately 1.2 tonnes and a 
m axim um  o f  2.4 tonnes o f  tim ber being harvested from  the forest.
12.7. Development of a PAPER-MERF in the Sustainable City: Thinking Locally, Acting 
Globally.
Targets to increase recycling have to be linked to initiatives to m ake and m arket recycled 
products; i f  these factors are not developed hand in hand then the recycled m aterial ultim ately 
has no beneficial use. W ithout a sustained m arketplace for recycled m aterial, as m ore is 
recycled, producing a glut o f  available m aterial, so its comm odity value drops until there is no 
economic benefit in further collection taking place. The Local Paper for London concept 
provides a sound example o f  how  best to sim ultaneously stimulate recycling effort, increase 
recycled production and develop the recycled production marketplace. The ‘closed-loop’ nature 
o f  the cycle, involving consumers, collectors, the paper producer and paper m erchants means 
that growth in recycling activity is linked directly to increased production and increased sales.
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Such connection betw een the stages o f  the cycle offers the best chance o f  ensuring that as more 
waste paper is collected so m ore sales dem and is generated.
One m ust not forget that the ‘closed-loop’ LPfL cycle already exists and has been running as an 
ad-hoc supply system  for 4 years. However, what has been suggested in this report are strategies 
that could improve the environm ental profile o f  the system significantly. The improvement 
strategies suggested embody the relatively new  concept o f  Design for the Environm ent. In DfE 
it is recognised that the greatest opportunity for environm ental im provements to be made to a 
system  or product is in the design stage; this principle applies equally to the developm ent o f  an 
eco-efficient kettle or washing m achine or the ‘sustainable city-scale’ developm ent o f  a smart 
recycling scheme. The findings o f  this report show that the key to delivery o f  the best 
environm ental improvement lies in integrating steps so that the whole cycle fits together more 
efficiently. I f  collection o f  waste from  com m ercial premises is planned on a city/Local 
Authority scale, then significant transportation savings can clearly be made. I f  waste paper 
sorting is integrated w ith the recycled paper production facility, then not only can sorting 
efficiencies be im proved but also energy recoveiy from  the paper and sludge streams can 
becom e a viable proposition.
The proposals set out in this report offer pragm atic suggestions to alleviate the disadvantages o f 
recycled paper, nam ely high transportation impacts, concerns regarding sludge disposal and high 
fossil fuel use in production. The proposals also help contribute to m eeting L ondon’s Air 
Quality M anagem ent targets, transport congestion problem s and waste strategy targets involving 
reductions in landfill demand, specifically in the reduction o f organic waste being sent to 
landfill.
The concept o f  an integrated closed-loop cycle for Local Paper for London has been introduced 
in this work. The idea is to seek ways to plan m ore strategically the waste flows out o f  a city and 
to couple this flow w ith m aterial production for the c ity’s needs. In this concept, Local Paper 
production could be expanded outside the city, on a new or existing site, incorporating the ideas 
suggested concerning a PAPER- M ERF (Paper M aterial and Energy Recycling Facility). The 
plant envisaged w ould concentrate on com m ercial waste paper flows out o f  the city and this 
waste w ould be re-m ade into office paper w ith some o f  the lower grade waste paper contributing 
to the energy dem and for the plant. It is also possible that other fractions o f  the waste paper
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could be used to m ake a co-product at the PAPER-M ERF. The sludge generated by the 
production o f  recycled pulp could also be used for energy and/or in a co-product stream.
I f  a PAPER-M ERF were developed, it is possible that other recycled industries associated w ith 
the collection o f  waste products from  com m ercial prem ises could settle around the site. The 
PAPER-M ERF therefore could act as a catalyst to the developm ent o f  an Eco-Industrial Park. 
One advantage o f  such a developm ent is that collection o f a num ber o f  valuable waste products 
from  com m ercial premises could be conducted by  one operator. This w ould enable the recycled 
product m anufacturers based at the PAPER-M ERF Eco-Industrial Park to concentrate on 
m anufacture rather than having to divert their energies and finances into collection operations. I f  
the collection fleet were stream lined and shared am ongst manufacturers, then the savings made 
in the avoidance o f  duplicated individual fleet ownership and fuel and m aintenance costs could 
be used to buy into greener transport technologies.
The intention o f  this research has been to look at the environm ental im pacts associated w ith the 
Local Paper for London cycle and show what steps can be taken with wide stakeholder 
participation to improve system  efficiencies even further. No such developm ent w ould work 
based purely on environm ental perform ance improvements. The long-term  economic viability o f 
any such developm ent w ill o f  course be a prim ary concern. It is beyond the scope o f  this 
research to report on economic considerations. However, it is increasingly becom ing clear that 
‘clean technology’ developm ents do deliver economic benefits to industiy and o f course society 
in general.
In m aking the necessaiy long-term  economic decisions concerning the issues suggested herein, 
it is im portant to consider the array o f  economic instruments that could affect the viability o f  
‘closing the loop’ to recycle waste. W hilst this report does not look at these economic 
instruments, there is significant scope to assess the costs and benefits o f  the possible 
environm ental impact reductions, in particular:
- Office paper users valuing the avoided cost o f  disposal to landfill and the im pact o f  
Landfill Tax increases beyond the G overnm ents’ current Landfill Tax escalator strategy.
- V aluing the benefits o f  improvements in transport logistics and efficiency in w aste paper 
collection via system  integration: assessing the impacts o f  transport fuel changes, valuing 
these changes with respect to the Climate Change Levy and the Tow carbon automotive 
econom y’.
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- Offsetting the social costs o f  disposal to landfill against the benefits o f  m inimising waste 
by recycling locally and producing secondary materials
- Looking at possible systems that offer m anufacturers o f  secondary m aterials avoided 
landfill disposal ‘credits’.
Increasingly, the improvement target to be considered by government, business and comm unity 
is the ‘triple bottom  line target’. This considers potential economic, environm ental and societal 
benefits together. It is clear that the im provem ent strategies in the LPfL cycle proposed here 
offer the right sort o f ‘triple bottom  line’ fram ew ork for the developm ent o f  an innovative paper 
cycle that truly fits into the Sustainable City landscape.
In concluding this thesis it is perhaps im portant to return to the very start o f  the paper cycle. The 
issue o f  prim ary importance concerns the fact that the virgin paper equivalent o f  the Local Paper 
for London product is produced prim arily from  hardw ood pulp. As a result, the LPfL cycle 
directly helps to alleviate the growing pressures on hardwood forest systems. As global paper 
dem and continues to rise, such recycling initiatives are o f the utm ost importance for the long­
term  sustainability o f forest ecosystems and biodiversity on a worldwide scale. W ith this issue in 
m ind, if  further expansion o f  the Local Paper for London cycle is achieved, a far greater num ber 
o f  London’s office workers will be in a position to carry out their jobs w hilst ‘thinking globally 
and acting locally’.
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GLOSSARY OF TERMS
GLOSSARY OF TERMS
Allocation Partitioning the input or output flows of a unit process to the product system under study
Agenda 21
A comprehensive blueprint for global action drafted by the 172 governments present at the 
1992 Earth Summit organized by the United Nations in Rio de Janiero, Brazil. It is often 
interpreted and implemented at a local level in "Local Agenda 21" plans.
Air dry
Describing
(1) the moisture content of a substance when in equilibrium with the surrounding 
atmosphere;
(2) air-dry woodpulp contains approximately 10% of moisture, paper 8% of moisture.
Arisings The amount of waste generated in a given locality over a given period of time. Also 
known as Waste Arisings.
Best Practicable 
Environmental Option 
(BPEO)
A BPEO is the outcome of a systematic and consultative decision-making procedure that 
emphasises the protection and conservation of the environment across land, air and water. 
The BPEO procedure establishes, for a given set of objectives, the option(s) that provides 
the most benefits or the least damage to the environment as a whole, at acceptable cost, in 
the long term as well as the short term.
Best Value
Best Value places a duty on local authorities to deliver services ((including waste 
collection and waste disposal) to clear standards - covering both costs and quality by the 
most effective, economic and efficient means available.
Biodegradable
Capable of being broken down by plants (including fungi) and animals (including worms 
and microorganisms). In municipal waste, the property is generally attributed to the 
following - paper and card, food and garden waste, a proportion of textiles, fines and 
miscellaneous combustible waste, including disposal nappies.
Biodegradable Municipal 
Waste (BMW)
The portion of Municipal Waste that is biodegradable.
Biomass A potential energy resource derived from organic matter such as wood, agricultural waste, or other living cell material.
BOD Bio-chemical Oxygen Demand.
Bring Recycling See Drop-off Recycling
Bring Sites Collection points (typically bottle, can and paper banks) provided and serviced by the 
Council where the public is encouraged to bring their recyclables.
Broke
Paper or board that is discarded at any stage during its manufacture and is usually 
repulped.
There are 2 kinds - wet broke, which Is accumulated at the wet end of the papermaking 
machine; dry broke which is accumulated at any stage on the dry end of the machine, 
trimmings from the reeling, slitting and cutting operations, as well as paper or board 
rejected during sorting.
Certification
The EMS of a company, location, or plant is certified for conformance with ISO 14001 
after it has demonstrated such conformance through the audit process. When used to 
indicate EMS certification, it means the same thing as registration.
CES Centre for Environmental Strategy, University of Surrey.
c h 4
Methane
Chemical Pulp Pulp made by cooking the wood in the present of chemical agents (acids or alkali) which 
eliminates most of the non fibrous material.
Chemi-Thermo Mechanical 
Pulp (CTMP)
Same as TMP only chips are also sprayed with chemicals.
China Clay
A mineral, obtained largely from Cornwall, used by papermakers to obtain finish and 
consistency; also for coating art and chromo paper. Also called Kaolin.
Chlorine-free paper
Paper bleached without chlorine compounds that are harmful to the environment. The 
chlorine-bleaching process creates dioxin, a chemical by-product that has been linked to 
cancer in humans. Alternative choices are hydrogen peroxide or oxygen, both of which are 
alternative bleaching agents that do not create dioxins.
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Civic Amenity Sites (CA 
Sites)
Sites provided by the Local Authority where the public can take their own waste. This 
waste generally consists of bulky waste and recyclates.
Civic Amenity Waste
A sub-classification of household waste, normally delivered by the public direct to sites 
provided by the local authority. Consists generally of bulky items such as beds, cookers 
and garden waste as well as recyclables. Civic amenity sites can also be referred to as 
Household Waste Recycling Centres.
Clean design The systematic incorporation of lifecycle environmental considerations into product design.
Clean Technologies
Industrial technologies which incorporate clean design principles in their creation and are 
aimed at reducing pollution output. Clean Technologies are normally associated with 
manufacturing operations which have moved away from ‘end of pipe’ pollution 
prevention technologies in order to reduce the operations overall environmental impact
CML University of Leiden, Centre for Environmental Studies
CO Carbon monoxide
o o JO Carbon dioxide
Coated Papers Paper to which a coating has been applied on one or both sides, using a mix of clay or 
carbonates and latex to create a high quality printing surface.
COD Chemical Oxygen Demand.
Commercial Waste Waste arising from premises that are used wholly or mainly for trade, business, sport, 
recreation or entertainment, excluding Municipal and Industrial waste.
Compliance
An affirmative indication or judgment that the supplier of a product or service has met the 
requirements of the relevant specifications, contract, or regulation; also, the state of 
meeting the requirements. In ISO terms, compliance to regulations. Compare with 
Conformance. (Source: The PEER Center Glossary of Terms)
Composite Comprising of different materials.
Composting An aerobic, biological process in which organic waste, such as garden and kitchen waste, are converted into a stable granular material that can be applied to land to improve soil 
structure and enrich the nutrient content of the soil.
Continual improvement
Enshrined 111 the published Standards for EMS is the principle of continual improvement, 
which is intended to ensure that an organization does not simply adopt an EMS for 
cosmetic purposes and thereby remain static, without commitment to reduce its impact on 
the environment. Continual improvement is the process of enhancing the environmental 
management system to achieve improvement in overall environmental performance in line 
with the organizations environmental policy. (Source: The PEER Center Glossary of 
Terms)
Contraries Materials unsuitable for papermaking, present in some raw materials and waste paper.
DETR Department of Environment, Transport and the Regions
DEFRA Department of Environment, Food and Rural Affairs
Downcycling
refers to the recycling of a waste stream to create a new material that has properties 
inferior to those of the original virgin materials. A good example is recycled plastic 
(HDPE) panels made of multicoloured waste sources.
Drop off Recycling
Recycling schemes where the public bring material for recycling to centralised collection 
points (eg bottle and can banks) at Household Waste Recycling Centres, supermarket car 
parks and similar locations.
DTI Department of Trade and Industry
Ecodesign
A design process that considers the environmental impacts associated with a product 
throughout its entire life from acquisition of raw materials through 
production/manufacturing and use to end of life. At the same times as reducing 
environmental impacts, ecodesign seeks to improve the aesthetic and functional aspects of 
the product with due consideration to social and ethical needs. Ecodesign is synonymous 
with the terms "design for the environment" (DfE), often used by the engineering design 
profession, and "lifecycle design" (LCD) in North America.
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Ecological footprint
Is a measure of the resource use by a population within a defined area of land, including 
imported resources. Assessment of the ecological footprints of nation states or other 
defined geographic areas reveals the true environmental impact of those states and their 
ability to survive on their own resources in the long term. The term "ecological footprint" 
can also be applied to products but it more commonly referred to as the environmental 
"rucksack" associated with product manufacturing.
EMAS
Eco-Management and Audit Scheme, a voluntary European management standard similar 
to ISO 14001. However participating companies must not only conform to the 
environmental management system but also produce a public statement on performance 
verified by an external assessor. (Source: The PEER Center Glossary of Terms)
Energy efficiency Is the ratio of energy output of a conversion process or a system to its energy input.
Energy Recovery from 
Waste (EfW)
Includes a number of established and emerging technologies, though most energy recovery 
is through incineration technologies. Many wastes are combustible, with relatively high 
calorific values. This energy can be recovered through, for instance, incineration with 
electricity generation.
Environment
Surroundings in which an organization operates, including air, water, land, natural 
resources, flora, fauna, humans and their interrelation. (Source: The PEER Center 
Glossary of Terms)
Environment Agency
Established in 1996, it combined the functions of former local waste regulation authorities, 
the National Rivers Authority and Her Majesty’s Inspectorate of Pollution. Intended to 
promote a more integrated approach to waste management and consistency in waste 
regulation. The agency also conducts national surveys of waste arising and waste facilities.
Environmental impact Representation of possible change to the environment resulting from a product system (as defined in the LCA)
Environmental Management 
System (EMS)
A management approach which enables an organization to identify, monitor and control 
its environmental aspects. An EMS is part of the overall management system that includes 
organizational structure, planning activities, responsibilities, practices, procedures, 
processes and resources for developing, implementing, achieving, reviewing and 
maintaining the environmental policy. The EMS emphasizes pollution prevention, 
environmental compliance, and continual improvement. (Source: The PEER Center 
Glossary of Terms)
Environmental Performance
Measurable results of the environmental management system related to an organization’s 
control of its environmental aspects, based on its environmental policy, objectives and 
targets. (Source: The PEER Center Glossary of Terms)
Esparto
A coarse grass from Southern Spain and Northern Africa, employed principally by English 
and Scottish papermakers. Papers made from Esparto have a good writing and printing 
surface, are opaque and of good bulking properties. They are largely used for lithographic 
printing, for book production and as body papers for coating.
EU Directive
A European Union (formerly EC - European Community) legal instruction, binding all 
member states but which must be implemented through national legislation within a 
prescribed time-scale.
Eutroph ication
Enrichment in mineral salts of marine or lake waters when it refers to the natural process 
or, as the enrichment in nutritive elements of waters when referring to human intervention
External cost
Those costs which are generated by an activity but which are borne by someone else and 
hence not taken account of when the agent makes the decision to undertake the activity. 
Examples are illness and premature mortality linked with exposure of the general public to 
air pollution, damage to buildings and crops due to air pollution exposure; some of the 
congestion and accidents caused by transport, etc.
Feedstock energy
Combustion heat of raw material inputs which are not used as an energy source to a 
system, expressed in terms of higher heating value or lower heating value
Flax
A fast-growing plant known for its fibre and used in the production of textiles, ropes and 
sacking. Like kenaf and flax, it is an alternative fibre used in the making of paper.
253
Forest Stewardship 
Certificate
Eco-label created by the WWF/1995 Group to develop an international and independent 
forest products label which considers forestry management practice and social issues.
Fossil fuels (fuel energy) Potential energy inherent in the fossil fuel feedstock, measured by calorific value, which can be realised by combustion
Fuel cell
An electrochemical device in which hydrogen is combined with oxygen to produce 
electricity with heat and water-vapor as by-products. Natural gas is often used as the 
source of hydrogen, with air as the source of oxygen. Since electricity is produced by 
chemical reaction and not by combustion, fuel cells are considered to be green power 
producers. Fuel-cell technology is quite old, dating back to the early days of the space 
program. Commercial use of fuel cells has been sporadic, although they are expected to be 
widely used in atuomobiles and buildings over the next decade.
Fuel energy Energy consumed during a combustion process
Functional unit Quantified performance of a product system for use as a reference unit in a life cycle assessment
Furnish Mixture of fibre and additives used in a particular paper, I.e. ingredients and their 
proportions.
Global warming
An increase in the global mean temperature of the Earth that is a result of increased 
emissions of greenhouse gases trapped within the Earth's atmosphere. Global warming is 
believed to have adverse consequences such as climate change and a rise in sea levels. The 
scientific community is in general agreement that the Earth's surface has warmed by about 
1 degree F in the past 140 years.
Grammage Mass per unit are in gsm (grammes per square metre)
Green design
Is a design process in which the focus is on assessing and dealing with individual 
environmental impacts of a product or service rather than on the product or services' entire 
life.
Greenhouse Gas Gases that contribute to the increased global warming of the Earth by forming a barrier that prevents infrared radiation from escaping the Earth’s surface. These gases are termed 
greenhouse gases and include carbon dioxide and methane gas.
Greenhouse gases
Any manmade gaseous emission that contributes to a rise in the average temperature of the 
earth, a phenomenon known as global warming, by trapping the heat of the sun in the 
earths atmosphere.
GWP Global warming potential
Hemp
A fast-growing plant known for its fibre and used in the production of shoelaces, 
parachutes and marine rigging. Like kenaf and flax, it is an alternative fibre used in the 
making of paper.
Household Waste
Collected waste from services including household collection rounds, street sweepings, 
bulky waste, litter collection, hazardous household waste, garden waste and civic amenity 
sites. It also includes wastes separately collected for recycling or composting through 
bring or drop-off schemes and kerbside schemes.
Incineration This is the controlled burning of waste, either to reduce its volume, or its toxicity, carried 
out in specifically designed facilities.
Industrial Waste Waste from any factory and from any premises occupied by an industry (excluding mines 
and quarries).
Inert Waste
Waste which, when deposited into a waste disposal site, does not undergo any significant 
physical, chemical or biological transformation as defined in the EU Directive on the 
Landfill of Waste.
Input
Material or energy which enters a unit process (materials may include raw materials, 
products, and energy may be in the form of feedstock energy, fuel energy, electricity and 
from renewable/non-renewable sources)
Integrated Mills
Mills which produce paper from pulp on site e.g. timber in one end, paper out at the other
Integrated Waste 
Management
The management of waste through a combination of treatment and disposal options
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Internal cost
Those costs which are borne by an agent (firm, individual, government etc.). Examples 
might be labour costs salaries, energy costs, capital depreciation on machinery, buildings 
etc.
IPCC Intergovernmental Panel on Climate Change
ISO
The International Organization for Standardization (ISO) is a worldwide federation of 
national standards bodies from some 140 countries, one from each country. ISO is 
responsible for the development of ISO 14001. (Source; The PEER Center Glossary of 
Terms)
ISO 14001
A international voluntary standard for environmental management systems. This is one 
standard in the ISO 14000 series of International Standards on environmental 
management. (Source: The PEER Center Glossary of Terms)
Kappa Number
A value obtained by a laboratory test procedure for indirectly indicating the lignin content, 
relative hardness, or bleachability of higher lignin content pulps, usually with yields of 70 
per cent or more. It is determined by the number of milliliters of tenth normal 
permanganate solution (0.1 KMn04) which is absorbed by 1 gram of oven dry pulp under 
specific conditions, and is then corrected to 50 percent consumption of permanganate.
Kenaf
A cousin of cotton, is a fast-growing annual plant, reaching 12 to 15 feet in 5 months. 
Each acre of kenaf can annually outproduce the amount of fibre in an acre of Southern 
Pine, one of the most productive trees used in papermaking.
Kerbside Collection
Any regular collection of recyclables from premises, including collections from 
commercial or industrial premises as well as from households. Excludes collection 
services delivered on demand.
Kerbside Recycling
Collection of recyclable or compostable wastes usually from the pavement outside 
premises, including collections from commercial pr industrial premises as well as from 
households.
Kraft (Imitation) Made from different pulps, having the appearance of pure kraft and used for wrapping and 
packaging purposes.
Kraft Paper Solid pulp board produced by the sulphate process with or without bleaching
JLADWC Local Authority Waste Disposal Company operating waste disposal facilities, etc.
Lamination The combination of two or more materials using a bonding agent.
Land Use Planning The development planning system that regulates the development and use of land in the public interest.
Landfill (Sites) Licensed facilities where waste is permanently deposited for disposal. The sites are strictly controlled to prevent the contamination of water supplies with leachate and to control the 
emission of greenhouse gases, such as methane, from the rubbish as it decomposes.
Landfill Directive (LFD)
European Council Directive 1999/31/EC of 26 April 1999 on the landfill of waste, which 
aims to prevent or reduce as far as possible the negative effects of landfilling on the 
environment and human health.
Landfill Gas
The gas generated in any landfill site accepting biodegradable organic matter. It consists 
of a mixture of gases, predominately methane and carbon dioxide.
LCA Life cycle assessment
LCI Life cycle inventory
LCIA Life cycle impact assessment
Leachate
Water, which seeps through landfill, and by doing so extracts substances from the 
deposited waste. Leachate is a polluting substance, which required treatment prior to 
discharge.
Life cycle
Consecutive and inter-linked stages of a product system, from raw material acquisition or 
generation of natural resources to the final disposal
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Life Cycle Assessment 
(LCA)
Systematic set of procedures for compiling and examining the inputs and outputs of 
materials and energy and the associated environmental impacts directly attributable to the 
functioning of a product or service system throughout its life cycle. Can provide the basis 
for making strategic decisions on the ways in which particular waste in a given set of 
circumstances can be most effectively managed, in line with the principles of Best 
Practicable Environmental Option, the waste hierarchy and the proximity principle.
Lignin A non cellulose material found in vegetable plants that may be considered as a binding 
agent or cement between the fibres of the plant.
Loading Or Filler Fine white pigment in the form of powder or slurry used to improve smoothness, opacity, brightness and dimensional stability of paper and board.
Materials Recovery Facility 
(MRF)
Sites used to sort waste into different waste streams, separating recyclable waste from 
non-recyclable wastes. The two main types of MRFs are termed ‘clean or dry MRFs’ that 
deal with waste streams that do not contain organic or compostable waste, and ‘dirty or 
wet MRFs’ that would deal with all wastes including organic material.
Mechanical Pulp Pulp made by the grinding of steamed or boiled groundwood (without the addition of 
chemical agents).
Municipal Waste/Municipal 
Solid Waste (MSW)
This includes household waste and any other wastes collected by a waste collection 
authority, or its contractors, such as municipal parks and garden waste, beach cleansing 
waste, commercial or industrial waste for which the collection authority takes 
responsibility.
N Nitrogen
N20 Nitrous oxide
National Waste Strategy 
(NWS) 2000
An advisory strategy document for England and Wales that aims to interpret the national 
policies on waste and provide guidance to planning authorities in relation to waste 
management. The strategy includes national targets for the diversion of wastes from 
landfill, and aims to promote the re-use or recovery of waste, where prevention of waste 
generation is not possible in the first instance.
NO Nitrogen oxide
N 04 Nitrogen dioxide
Non-renewable energy Part of total primary energy which is non-renewable (e.g. fossil hydrocarbons)
Non-renewable resources
Those resources in finite supply that cannot be regenerated or renewed by synthesizing the 
energy of the sun. Such resources include fossil fuels, metals and plastics. Improving the 
rate of recycling will extend the longevity of these resources.
NOx Oxides of nitrogen
NRR Non-renewable resources
Organic Being derived from living plants and animals.
Output
Material or energy which leaves a unit process (materials may include raw materials, 
products, emissions and waste)
Pams A grade of waste paper, mostly used or unused magazines.
Paper A compressed matted vegetable substance in thin flexible sheet form, being the precipitate 
of a fibrous pulp in water.
Paper Grades
Paper is classified into different grades according to the end use, the pulp used and the 
treatment of the paper. A term applied comprehensively to the many varieties of papers, 
including those used for printing purposes.
Post-consumer waste
Waste that is collected and sorted after the product has been used by the consumer. It 
included glass, newspaper and cans from special roadside "banks" or disposal facilities. It 
is generally much more variable in composition than pre-consumer waste.
Post-consumer waste paper
Paper that was printed on, used by consumers and then collected for recycling.
Pre-consumer waste Waste generated at the maufacturing plant or production facility.
Prevention Combined efforts to reduce and reuse waste to prevent it entering the waste stream and 
having it entering the waste stream and having to be recycled, treated or disposed of.
Primary material
Material derived from a virgin source, e.g. extraction and processing of mineral resources
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Producer Responsibility Requires industry and commerce involved in the manufacture, distribution and sale of particular goods to take greater responsibility for the disposal and/or recovery of those 
goods at the end of their useful life.
Product system Collection of materially and energetically connected unit processes which performs one or more defined functions
Proximity Principle Suggest that waste should be generally disposed of as near to its place of production as 
possible.
Putrescible Materials which readily decompose through bacterial action. Includes food waste and 
plant/garden waste.
Raw material Primary or secondary material that is used to produce a product
Ream A term denoting a number of sheets of paper ranging from 480 to 516, most commonly 
500.
Recovery Generating value from wastes from a wide variety of activities, such as energy from waste 
plants and recycling.
Recyclable Material with potential to be recycled.
Recyclate Materials collected for recycling.
Recycling
Involves the reprocessing of wastes, either into the same material (ciosed-loop) or a 
different material (open-loop). Many non-hazardous wastes such as paper, glass, 
cardboard, plastics and scrap metals can be recycled. However hazardous wastes (e.g. 
solvents) can also be recycled by specialist companies or by in-house equipment.
Reduction Reducing the quantity or the hazard of a waste produced from a process. It usually results 
in reduced raw material and energy demands and hence reduces costs.
Renewable energy Part of total primary energy which is renewable (e.g. hydroelectric)
Renewable resources
Resources that originate from storage of energy from the sun by living organisms, 
including plants, animals and humans. Providing that sufficient water, nutrients and 
sunshine are available, renewable resources can be grown in continuous cycles.
Reuse Using materials or products again, for the same or a different purpose, without material reprocessing (e.g. householders can purchase products that use refillable containers, or 
reuse plastic bags).
Secondary Fibre Fibre that has been used before, e.g. waste paper.
Secondary material Material derived from a product at its end-of-life which can be used in another application after further processing
Segregated/Separate
Collection
Kerbside schemes were materials for recycling are collected either by a different vehicle 
or at a different time to the ordinary household waste collection.
Self Sufficiency Dealing with wastes within the region or country where they arise
Sensitivity analysis
Systematic procedure for estimating the effects on the outcome of a study of the chosen 
methods and data
S 02 Sulphur dioxide
Social cost
Sum of the internal and external costs of a product (sometimes also referred to as the total 
economic cost)
SO* Oxides of sulphur
Stakeholders
Those groups and organizations having an interest or stake in a organization’s EMS 
program (e.g., regulators, shareholders, customers, suppliers, special interest groups, 
residents, competitors, investors, bankers, media, lawyers, geologists, insurance 
companies, trade groups, trades unions, ecosystems and cultural heritage). (Source: The 
PEER Center Glossary of Terms)
Sustainable Development
Development that is sustainable is that which can meet the needs of the present without 
compromising the ability of future generations to meet their own needs.
Sustainable products
Products that serve human needs without depleting natural and manmade resources, 
without damage to the carrying capacity of ecosystems and without restricting the options 
available to present and future generations.
Sustainable Waste 
Management
Using material resources efficiently to cut down on the amount of waste produced. Where 
waste is generated, dealing with it in a way that actively contributes to the economic, 
social and environmental goals or sustainable development.
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System Product system
System boundary Interface between a product system and the environment or other product systems
Thermo-Mechanical Pulp 
(TMP)
Involves the grinding of chips under pressure and at a high temperature.
Tissue Paper Absorbent paper used for a variety of hygienic purposes & foodstuffs, 
the equivalent product output.
Total economic cost Sum of the internal and external costs of a product (sometimes also referred to as the social cost)
Total primary energy Total primary energy: all energy derived from natural resources, burnt as combustible at each life cycle step or present in materials which is used at each life cycle step
Tradable Landfill Permit
Proposed permits to conferring upon landfill operators the right to a set quantity of 
biodegradable municipal waste (BMW) in a given period. Internal permit allocations, 
based on the amount of BMW an authority currently landfills, will be given to each WDA 
for each year up to 2020. Only WDAs will be able to hold permits, which they will be able 
to ‘bank’ by holding surpluses over from one year to the next.
Trade Waste Waste collected from businesses in the City. This is part of Municipal Waste.
Transfer Station See Waste Transfer Station
Transparency Open and understandable presentation of information
Treatment Involves the chemical or biological processing of certain types of waste for the purposes of rendering them harmless, reducing volumes before landfilling, or recycling certain 
waste.
Unit process Smallest portion of a system for which data are collected when performing a life cycle assessment
Virgin Pulp Pulp manufactured and used for the first time.
Waste
This is the wide ranging term encompassing most unwanted materials and is defined by 
the Environmental Protection Act 1990. Waste includes any scrap material, effluent or 
unwanted surplus substance or article that requires to be disposed of because it is broken, 
worn out, contaminated or otherwise spoiled. Explosives and radioactive wastes are 
excluded.
Waste Arisings The amount of waste generated in a given locality over a given period of time.
Waste Collection Authority 
(WCA)
A location authority (district, borough) charged with the collection of waste from each 
household in its area on a regular basis. Can also collect, if requested, commercial and 
industrial wastes from the private sector.
Waste Disposal Authority 
(WDA)
A local authority responsible for the management of the waste collected and delivered to it 
by the constituent waste collection authorities. They are charged with providing disposal 
sites to which it directs waste collection authorities for the disposal of their controlled 
waste, and with providing civic amenity facilities. A Waste Disposal Authority can also be 
Waste Collection Authority.
Waste Hierarchy
A theoretical framework that seeks to rank waste management options in descending order 
of preference, from reducing and reusing waste, through recycling and composting, energy 
recovery and finally disposal.
Waste Management 
Industry
The businesses and not-for-profit organisations involved in the collection, management 
and disposal of waste.
Waste Management Licence 
(WML)
The system of permits operated by the Environment Agency under the Environmental 
Protection Act to ensure that activities authorised to recover or dispose of waste are 
carried out in a way which protects the environment and human health.
Waste Minimisation The reduction of waste at the source.
Waste Strategy 2000
National targets set by the government to increase recovery of waste and to reduce 
dependence on landfill.
Waste Transfer Station
A waste management facility to which waste is delivered for separation or bulking up 
before being removed for recovery or disposal.
Woodfree Or Fine Paper
Papers and boards containing no fibres other than those derived from chemical wood 
pulping processes i.e. contains no lignin.
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Woodpulp Wood reduced to a pulp for subsequent papermaking processes; can be either mechanical, 
chemical or combination; TMP and CTMP.
Yield Ratio of total amount of raw material entering a pulp and papermaking operation to the equivalent product output.
Glossary references have been drawn from the following sources: (web references all d a ted  12/2/04, except*)
Department for Environment, Food & Rural Affairs htto://www. defra.aov.uk/environment/consult/nvc/13.htm
Cumbria County Council, Community Economy and 
Environment Dept
http://www.talkingrubbish.org/html/docs/f_l.htm
Public Entity Environmental Management System Resource 
Center
http://www.peercenter.net/index.cfm
American Institute of Graphic Arts htto ://oowerofdesisn.ai ga. or s/content, cfm/slossarv
Paper Federation of Great Britain.. .now Confederation of 
Paper Industries*
Printings and Writings Glossary was on PFGB website, 
Oct 2001. PFGB website now no longer exists. As of 2003 
is now CPI, at: http://www.paper.org.uk/ (no link to 
printings and writings glossary)
259
UNIVERSITY OF SURREY LIBRARY
THESIS FOR THE ENGINEERING DOCTORATE DEGREE
B i o r e g i o n a l  D e v e l o p m e n t :
A n  a n a l y s i s  o f  t h e  e n v i r o n m e n t a l  i m p l i c a t i o n s  o f  
l o c a l  " c l o s e d  l o o p "  u n c o a t e d  w o o d f r e e  p r i n t i n g  a n d  
w r i t i n g  p a p e r  r e c y c l i n g .
V O L U M E  2: T H E S IS  A P P E N D IC E S
Antony
C e n t r e  f o r  E n v i r o n m e n t a l  S t r a t e g y  
U n i v e r s i t y  o f  S u r r e y  
G u i l d f o r d ' S u r r e y ,  G U 2  5 X H
©  A n to n y  H art. 
D e c e m b e r 2 0 0 4
T a b le  o f  C o n te n t s
Appendix
no:
Content Page No.
1 Recommendations for Further Research 3
R .l. The Consum ption Split Betw een ‘Self-Purchased P aper’ and 
‘All O ther Paper Inputs’
R.2. Forestry Sustainability Concern Categorisation
R.3. Sustainable Forestry Issues and the potential illegality o f uw f 
P+W  pulp and paper imports to the UK.
R.4. Applying LCA in the decision-m aking process for the LPfL 
PAPER-M ERF concept.
R.5. Recom m endations for further research arising from LPfL 
Im provem ent Assessm ent Strategies
2 Calculations for Section 5 16
2.1. D eterm ination o f  virgin content o f  pulp feedstock to the LPfL 
rem anufacturing cycle at ‘m axim um  LPfL uptake scenario 
balance poin t’
2.2. M ethodology A pplied in  m axim um  LPfL Balance-Point Fibre- 
Flow Analysis
3 LPfL consumer attitude survey 26
4 Determination of Transportation impacts associated with 
virgin and recycled imports to UK and for the Local Paper 
for London cycle 41
5 Analysis of Potential Illegality of uwf P+W pulp and paper 
imports to the UK 56
6 Local Paper for London Life Cycle Inventory Analysis Data 
and Improvement Assessment Findings 64
6.1. LPfL ‘Base C ase’ Im pact Profile Characterisation 
A s  p e r  S e c t io n  1 1 .3 .
6.2. LPfL ‘Base C ase’ Im pact Profile Characterisation:
A v o id e d  B u rd e n s  S c e n a r io :  c o n s id e r a t io n  m a d e  o f  th e  a v o id e d  
b u rd e n s  a s s o c ia te d  w ith  L P f L ’s  r o le  in  th e  d iv e r s io n  o f  w a s te  
p a p e r  to  la n d fill)
A s  p e r  S e c t io n  11 .4 .
6.3. Inventory o f  Im pacts for LPfL ‘Base C ase’
6.4. Inventory o f  Impacts for LPfL ‘Base C ase’ w ith  a v o id e d  b u rd e n s
6.5. D etails o f  data unable to be shown in this document
2
Appendix One 
Recommendations for further research
Recommendations for further research
At a num ber o f  stages, recom m endations have been m ade to further develop specific research 
areas which lie beyond the beyond the rem it o f  this Thesis.
A ppendix One lists these recom m ended research areas in the order in which they appeared in 
the Thesis.
R.1. The Consumption Split Between ‘Self-Purchased Paper’ and ‘All Other Paper 
Inputs’
To consider the issue o f  fibre sustainability in the LPfL cycle. The research into the m axim um  
LPfL uptake point in Section 5 has shown that a com m ercial premises can sustain its demand 
for 100% recycled self-procured LPfL paper so long as it does not require m ore than 633kg out 
o f  1000kg total paper consumed as ‘self-procured’ LPfL paper.
As m entioned in Section 5.2.2., no data is apparent that analyses the split in com m ercial paper 
consum ption betw een ‘self-purchased papers’ and ‘all other paper inputs’ to the office.
Such analysis would be o f  value in developing the LPfL cycle for the following reasons:
1. As any regional Local Paper schem e expanded to a point where its output to the 
local m arket was o f  real significance, it is likely that the recycled content o f  the 
paper found entering the ‘other paper’ input stream will increase. This increased 
recycled content would be derived (a) from  recycled Local Paper arriving more 
frequently in the ‘other paper’ stream  and (b) the likely projected increase in 
recycled fibre content in U K  paper across all grades as national recovery and 
utilisation rates rise to m eet Governm ent recycling targets.
The am ount o f  increase in recycled content in this stream would be o f  great use to 
theoretically model. This would be o f  m ost use when justifying the Bioregional 
M iniM ill project and in clarifying the need for other paper grades (containing local 
virgin fibre) in the suite o f  Local Paper products in order to m aintain fibre 
sustainability and acceptable fibre average age (Nave) in the LPfL cycle.
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R.2. Forestry Sustainability Concern Categorisation
The research conducted in Section 6.10.2. introduced a very broad-based qualitative analysis o f  
the raft o f  specific issues associated with forestry practices at a  national and international scale. 
It was recognised that the m ethodological approach adopted could only be used to provide an 
outline analysis o f  the likely level o f  concern for different forest types resulting from dem and 
for industrial timber.
As Forestry Certification and the dem and for transparency grows it will becom e increasingly 
possible to share inform ation globally and track forest envirom nental and ecological concern by 
forest type. The advantage o f  developing a classification o f  forestry concern by forest type is 
that it is then possible to begin to cross-reference forest types with specific end products, i.e. 
specific paper grades, as shown in Section 6.10.2. I f  such a fram ework o f  forest classification 
were developed, it could be possible to translate this work into an ISO 14042 LCA-based 
classified and characterised Im pact Assessm ent category.
As the UK  Governments attem pts to develop a fram ew ork for green tim ber products 
procurem ent have shown (ERM. (2002).), it is in fact very necessary to classify sustainability 
issues for forest types into broad ‘current status’ categories in order to; (a) enable consum er’s to 
exercise choice in buying certified green forest products; (b) track changes and identify forest 
types and geographical areas where slow or no im provem ent in green forestry practices is 
occurring and, (c) develop a clear classification system such that a  fram ew ork o f  internationally 
recognised targets for continued im provem ent can be developed.
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R.3. Sustainable Forestry Issues and the potential illegality of uwf P+W pulp and paper 
imports to the UK.
R.3.
This work links to the recom m endation m ade in Section R.2.
It is possible to consider the scale o f  potential illegality associated with imports o f  uw f P+W 
pulp and paper to the UK. As m entioned in Section 6.6., the W orldwide Fund for N ature has 
only recently published work on this issue (Toyne, P. et al. 2002). It would be possible to 
expand on that work and to link it to the import analysis conducted in this Thesis, as shown in 
Sections 6.8. and 6.9. In order to develop useful figures re potential illegality o f  uw f P+W pulp 
and paper imports to the UK it is however necessary to look further than im portation statistics 
by country to the UK.
A n y  such  analysis into a specific grade w ould  need  to look w ithin each countries individual 
export statistics to break the  f ig u re s  down by fo re s t type and  m anufacturing  com pany in  
order to accurately determ ine the  level o f  po ten tia l illegality associated w ith im ports o f  pu lp  
and  paper f o r  th is grade to the  UK.
Appendix 3 provides detail o f  the research conducted for this Thesis and the cross-referenced 
data extracted from the WWF, Potential Illegality o f  Tim ber Products in G8 Countries research 
(Toyne, P. et al. 2002). This simple analysis, using WWF figures for potential illegality, linked 
to UK import statistics for uw f p+w pulp and paper does highlight the issues expressed in 
Section 6.10.2., where forest impacts related to forest types has been shown. It would appear 
that it is intuitively correct to believe that hardwood forests across the globe do generally exert 
higher impacts and thus higher levels o f  concern re potential illegality, com pared to softwood 
forest systems.
Extract from Appendix 1 R.3
It must be stressed that the data developed in Appendix 5 must in no wav be referenced as 
a definitive or indeed WWF endorsed analysis of potential illegality of uwf P+W pulp and 
paper imports to the UK. WWF have to-date kindly co-operated in providing background 
data from their G8 report (Toyne, P. et. al. 2002; see references Section 6). It is recognised 
by the author of this Thesis and Dr Paul Toyne, the author of the WWF G8 report, that 
the research into uwf P+W paper must be strengthened along the lines of the 
recommendations made above before any such data could be referenced. Any such work 
must be conducted in collaboration with the WWF.
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The fram ework o f  Improvement Assessment strategies made in the Local Paper for London 
LCA can be taken forward in order to inform a wider decision-making process into office waste 
paper and ‘Strategic Planning o f  Sustainable W aste M anagem ent’, as described in the recently 
published S tr a te g ic  P la n n in g  o f  S u s ta in a b le  W a ste  M a n a g e m e n t:  G u id a n c e  o n  O p tio n  
D e v e lo p m e n t a n d  A p p r a is a l  ( O D P M  2 0 0 2 ) .
The following is an extract from the introduction to the abovementioned guidance 
document:
In tro d u c tio n
Waste Management Background
1.1. Economic growth over the last century has been matched by increases in the amount of 
wastes that society produces. Current predictions indicate a potential doubling of the generation 
of certain wastes by 2025. The environmental and the socio-economic impacts of waste 
management can be significant and wide-ranging; thus waste management is central to the 
sustainable development agenda.
1.2. Government policy on waste management is set out in Waste Strategy 2000. The strategy 
includes challenging targets aimed at significantly reducing reliance on landfill through 
increased recycling and composting, and increasing the recovery of value from waste.
Strategic Planning for Sustainable Waste Management
1.3. Whatever approach is taken to achieve the Government's targets, significant investment in 
new and upgraded waste management facilities will be required. Waste Strategy 2000 
emphasises that the Regional Assemblies and local authorities have a key role to play in 
delivering the strategy at the regional and local level.
1.4. The planning system, in particular, is expected to play an important role in securing the 
development of new facilities. Planning Policy Guidance (PPG) 11 Regional Planning indicates 
that Regional Planning Guidance (RPG) should set regional waste management targets for the 
recycling and recovery of waste, waste minimisation, and alternatives to landfill. The targets 
should be consistent with local authorities achieving statutory performance standards for 
household waste recycling and composting. In general, it is anticipated that RPG should:
• Promote the moving of waste up the hierarchy of treatment methods (reduction, reuse, 
material recycling and composting, energy recovery, and finally disposal without energy 
recovery);
• Set indicators for the measurement of progress against targets, which can be regularly 
monitored;
• In line with Waste Strategy 2000 and the principle of the Best Practicable 
Environmental Option (BPEO), specify the number and capacity of the different types of 
waste management facilities required, identify their broad locations in the Region, 
supported, where appropriate, by a criteria-based approach to site identification; and
• Assess the need for any facilities to deal with special/hazardous waste in the Region.
1.5. To help formulate RPG, the Government has advised all Regional Planning Bodies (RPBs) 
for the Regional Planning Areas in England to convene officer-level Regional Technical 
Advisory Bodies (RTABs), comprising representatives of waste planning authorities (WPAs), 
waste disposal authorities (WDAs), the waste industry, the Environment Agency and other
R.4. Applying LCA in the decision-making process for the LP fL PAPER-MERF concept.
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statutory bodies. The inclusion of WPAs and WDAs within RTABs is intended to ensure that 
local interests are reflected at the regional level.
1.6. The information and advice prepared by the RTABs should be delivered to and published 
by the RPBs. The RPBs should then consult a wider range of organisations with a legitimate 
interest in planning for the management of waste on the content and recommendations of the 
RTABs' published reports. The RPBs are advised to take the views of consultees into account 
when identifying a preferred regional strategy for waste management and disposal.
1.7. The conclusions of the RPBs on waste management should be reflected in their preparation 
and subsequent reviews of new-style RPG. Once RPG has been confirmed, following public 
examination, its waste management policy should be taken into account in the preparation of 
structure plans, waste local plans, district (and National Park) local plans, and unitary 
development plans within the Region. The regional strategy and the technical findings of 
RTABs will also be material to considering planning applications for new facilities.
Role and Structure of this Guidance 
The Need for Guidance
1.9. The thrust of government policy is to ensure that, when considering waste management 
options, decision-makers in all sectors seek to ensure protection of the environment and to 
further sustainable development. PPG 10 Planning and Waste Management, for example, 
indicates that RPG and Waste Local Plans should include policies that represent the 'best 
balance of social, environmental and economic costs and benefits'. It recognises that waste 
planning options will have different environmental, social and economic impacts, and requires 
that their contribution to sustainable development should be assessed.
1.10. Environmental costs and benefits, in this context, cover not only the global issues such as 
resource depletion and emissions to air, land and water, but also local concerns about loss of 
amenity through, for example, the noise, dust and visual impact that can be associated with 
waste management operations. These are important considerations for land use planning.
Limitations of the BPEO procedure
1.11. Considerable emphasis has been placed on the application of the BPEO procedure to help 
identify the 'best' option for waste management. Indeed, Waste Strategy 2000 puts the concept 
of BPEO at the heart of waste management decision-making.
1.12. Due to the origin of the BPEO procedure in the environmental protection field, however, 
BPEO assessments have tended to focus on environmental emissions and resource depletion, 
rather than local environmental issues. BPEO assessments also generally omit to examine the 
socio-economic aspects of waste management and issues associated with the implementation 
and delivery of options, which are important planning considerations. Its application to land use 
planning has been inconsistent, and often confusing in terms of the approach adopted and the 
range of issues considered.
Aim and Scope of the Guidance
1.13. This Guidance seeks to address the limitations of BPEO assessment. It sets out a 
methodology for appraising strategic waste planning options that takes account of 
environmental, socio-economic and implementation issues - as well as those normally 
addressed by BPEO assessments. The step by step methodology is intended to provide 
greater transparency in decision-making, as well as a robust and comprehensive 
approach. The Guidance is aimed primarily at RTABs, to assist their work at the regional
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level, but may also assist strategic planning authorities engaged in planning for waste 
management.
Source: http ://www. planning,odpm.gov.uk/spswmgod/O1.htm
In accordance with the methodology laid out in the ODPM Guidance, it would be possible to 
consider the LPfL PAPER-MERF strategy proposed herein against a number of other possible 
options for waste papers arising from the commercial waste stream.
Issues which could be addressed under the decision-making framework suggested in the ODPM 
Guidance procedure could include:
• The ‘closed-loop’ Local Paper production cycle vs existing options for waste paper 
disposal: landfill as a reference ‘worst-case’ option and composting and energy from 
waste as conventional alternatives.
• Assessment of the best options for the co-product streams from the LPfL PAPER- 
MERF concept, i.e. taking into account environmental, socio-economic and site- 
specific implementation issues - as well as those normally addressed by BPEO 
assessments - is on-site incineration of recovered low-grade waste paper and pulp 
sludge residues a better option than using this material in a fibre-based co-product 
manufacturing process?
In order to conduct this further research, in accordance with the ODPM Guidance, it would be 
necessary to conduct the following steps:
1. Review of the existing situation and projections to establish ‘strategic waste 
planning options’ for dealing with waste: T h is w o r k  h a s  b e e n  c o v e r e d  in th e  L P f f  
L C A  S c o p in g  a n d  Im p r o v e m e n t A s s e s s m e n t re se a rc h .
2. Research and analysis to provide appropriate contextual information (e.g. the impact 
of waste management on key sustainability indicators): The b a s is  o f  th is  w o rk  h a s  
b e e n  c o v e r e d  b y  th e  L P fL  L C A  I n v e n to r y  A n a ly s is  a n d  I m p r o v e m e n t A s s e s s m e n t  
s ta g e s  w h e re  k e y  e n v ir o n m e n ta l b u rd e n s  a s s o c ia te d  w ith  IS O  1 4 0 4 0  s e r ie s  Im p a c t  
C a te g o r ie s  h a v e  b e e n  q u a n tifie d . In accordance with the ODPM Guidance it would 
also be necessary to apply the following appraisal methods:
Use of the LPfL LCA quantified results and development of further results if 
necessary
Use on generic data to consider the performance of comparison options
9
Use of professional judgement (via input from LPfL stakeholder research 
group -  see three, below, and via expert witnesses)
3. A series of meetings / workshops to agree objectives and indicators, appraise 
options, define weighting figures for indicators and undertake sensitivity analysis: In 
order to take the LPfL research forward to conduct this stage it would be necessary 
to develop a LPfL stakeholder research group to conduct the decision-making 
process laid out in the ODPM Guidance Procedure. Stakeholders involved in the 
process should include:
0 The paper industry -  from economic and technical feasibility perspectives: is
the LPfL cycle able to compete with imported paper? Is system integration, as 
suggested by the LPfL LCA technically and economically feasible?
<> The waste management industry - from economic and technical feasibility
perspectives: Is increased collection and recoveiy possible?
<> UK national and local government -  with respect to (a) green procurement of
paper products and (b) waste strategy and economic incentive issues to 
increase recycling potential
0 UK national and local government -  with respect to planning law and
Environmental Impact Assessment of future LPfL production capacity 
development
0 The consumer -  (a) as paper buyers and waste paper generators and (b) as
local residents to future LPfL production capacity development
0 NGO’s -  as (a) potential supporters re waste reduction and recycling and (b)
as potential adversaries re industrial expansion in the South-east and localised 
environmental impact issues.
4. The employment of an independent facilitator to help ensure objectivity in the 
decision-making process.
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R.5. Recommendations for further research arising from LPfL Improvement Assessment 
Strategies
It should be noted that the recom m endations m ade in this section also fit into the fram ework o f
research recom m ended in Section R.4.
R.5.1. Stage 1 Improvement Assessment: Utilise pulp/paper production sludge as fuel for 
on-site energy generation.
Extract from Section 11.3.1.
R e c o m m e n d a tio n s  f o r  f u r th e r  r e s e a r c h :
o The environm ental benefit o f  the energy from  sludge process has been analysed here solely 
with respect to its energy balance. An envirom nental im pact assessm ent has been conducted 
in order to develop and subsequently com m ission the plant, but currently no ‘life cycle data’ 
has been developed for the process, There is considerable scope to develop LCA data in 
order to analyse the process in term s o f  its overall envirom nental performance. I f  such an  
LCA were developed, it w ould then be possible to conduct comparative analysis betw een 
this ‘sludge m itigation option’ and alternatives, including the use o f  sludge as a co-product 
to m anufacture a  building m aterial
o Further research is also required to consider ash disposal impacts from the energy from 
sludge process.
o W ith respect to ash/sludge disposal, new  technologies are being developed that enable 
inorganic paper filler m aterials to be recovered for re-use. LCA research should be 
conducted into this emerging technology.
R.5.2. Stage 1(a) Improvement Assessment: Utilise pulp/paper production sludge as fuel 
for on-site energy generation and use a proportion of the sludge stream for co­
product production.
Extract from Section 11.3.2.
R e c o m m e n d a tio n s  f o r  f u r th e r  r e s e a r c h :
o Conduct a life cycle analysis o f  this process and incorporate it into the LCA o f  the paper 
production cycle. The co-product process provides a num ber o f scenarios that could be 
analysed in terms o f  envirom nental performance:
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Does the use o f  waste product in production offset use o f  virgin raw  m aterial in the 
specific product sector?
- In utilising a waste product as a raw m aterial input, the production cycle can be 
‘credited’ in term s o f  resulting avoided landfill impacts, or other final disposal options.
- A com parative LCA study could be undertaken between use o f  the sludge for energy 
generation or co-product production.
- Since the sludge stream  is now  utilised as a resource on site, transportation savings 
could be quantified w ith respect to other sludge disposal options.
R.5.3. Stage 2 Improvement Assessment: Planned Collection and ‘Phase 1’ development 
of a ‘PAPER-M ERF’: Improving Transportation impacts associated with the waste 
paper collection cycle.
Extract from Section 11.3.3.
R e c o m m e n d a tio n s  f o r  f u r th e r  r e s e a r c h :
A significant research opportunity exists to conduct a  full economic/environm ental impact
analysis o f  waste paper collection from com m ercial premises. The following aspects could be
incorporated into this research
- Transport logistics optim isation, incorporating non-linear analysis and route planning using 
GIS.
- Fuel switching options: Life cycle analysis could be conducted that assesses different fuel 
options used in collection vehicles. Suggestions for comparative analysis would include 
natural gas, ethanol, electric and fuel cell vehicles. It was not possible to incorporate such 
analysis into this LCA since ‘well-to w heel’ analyses do not yet exist for transportation 
using these fuel options. Any such analysis should o f  course consider issues associated with 
full life cycle impacts o f  the fuels considered a n d  comparative analysis o f  localised fuel 
impacts w ith respect to urban air pollution.
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- Cost benefit analysis o f  the strategic planning o f  waste paper collection from  comm ercial 
prem ises, incorporating consideration for the avoided burden benefits o f  alternative m ethods 
o f  disposal, savings from reductions in route congestion etc.
- Analysis o f  feasibility o f  river transportation for waste paper delivery to production site in 
term s o f  raw  m aterial throughput and site storage capacity
R.5.4. Stage 3 Improvement Assessment: Planned Collection and ‘Phase 2’ development 
of a ‘PAPER-MERF’: On-site separation of waste paper streams, energy generation 
from waste paper and co-product production
Extract from Section 11.3.4.
R e c o m m e n d a tio n s  f o r  f u r th e r  r e s e a r c h :
The envirom nental benefit o f  the energy from  paper process has been analysed here solely with 
respect to its energy balance. Currently no ‘life cycle data’ has been developed for this process 
where energy is generated purely from  a waste paper stream.
Further research is also required to consider ash disposal impacts from the energy from 
sludge/waste paper process. W ith respect to ash/sludge disposal, new technologies are being 
developed that enable inorganic paper filler m aterials to be recovered for re-use. At the tim e o f  
developm ent o f  the LPfL LCA research, no m anufacturers LCI data was available to m odel any 
aspect o f  this process.
It would also be o f  value to conduct a full economic/environm ental im pact analysis o f  BPEO 
options for waste paper grades collected and sorted at a  PAPER-M ERF site that are not to be 
utilised in the prim ary recycled production process. The following aspects could be 
incorporated into this research:
- Com parative LCA o f  energy from  waste paper, com pared to energy from  m unicipal solid 
waste (MSW). A pure waste paper input to an energy generation plant w ould result in some 
chlorinated com pound releases due to  paper bleaching residues. Such releases would 
predictably be significantly lower w hen com pared to energy generation from  M SW , which 
contains a high proportion o f  plastics. Analysis could also be m ade o f  the im pact o f  
incorporating the small portion o f  ‘stickies’ (plastic m aterials extracted in the pulping 
process that are generated on site) into the energy from  paper/pulp sludge plant.
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Com parative LCA o f energy from waste paper, com pared to energy from woody biomass.
As a renewable energy source, woody biom ass is justifiably regarded as a clean technology. 
In comparison, the com bustion o f  paper for energy m ay be perceived as a polluting waste 
incineration process. In view  o f  the inert nature o f  waste paper fibre, com pared to woody 
biom ass, which contains volatile wood oils, such a comparative analysis could serve to 
greatly strengthen the environm ental case for energy from paper.
- A com parative LCA study could be undertaken betw een the on-site use o f  the waste paper 
for energy generation and its use in co-product production.
N o quantitative analysis has been conducted herein concerning the application o f  autom atic 
sorting equipm ent for waste paper separation at a PAPER-M ERF. Initial scoping studies o f this 
technology indicate that with respect to envirom nental impacts, no significant increases to the 
full LPfL cycle would result in an autom ated operation since the motive energy requirem ent is 
not high. Further cost-benefit research is required to assess how such a technological change 
would improve the waste paper sorting operational efficiency with respect to waste fraction 
separation and speed o f  throughput.
There are distinct advantages in deriving energy from  this lower grade paper waste stream in 
term s o f  the organic paper waste being diverted from  landfill. This fits in with E U  Landfill 
D irective targets regarding the reduction o f  organic waste to landfill. Cost-benefit analyses 
could be conducted to consider how landfill tax  rises w ould increase the com m ercial advantage 
o f  recycling waste paper rather than com m itting it to final waste disposal
R.5.5. Stage 4 Improvement Assessment: Reverse Transport Logistics. Analysis of
potential for linking journeys into the city (P+W paper supply) with journeys out of 
the city (waste P+W collection from offices).
Extract from Section 11.3.5.
R e c o m m e n d a tio n s  f o r  f u r th e r  r e se a rc h :
The same research recom m endations listed in the Stage 2 Im provement Assessm ent analysis 
apply here. (See Section R.5.3).
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R.5.6. S tage 5 Im provem en t A ssessm ent: S atellite  Industrie s . A nalysis o f po ten tia l 
Satellite  In d u strie s  th a t  could grow  a ro u n d  a P A P E R -M E R F
Extract from Section 11.3.6.
R e c o m m e n d a tio n s  f o r  f u r th e r  r e s e a r c h :
The same research recommendations listed in the Stage 2 Improvement Assessment analysis 
apply here. (See Section R.5.3).
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E x tr a c t  fro m  S ection  5 .2 .1 1 .
At the ‘maximum LPfL uptake scenario balance point’, it is now possible to determine the 
theoretical split between virgin and recycled paper that leaves the LPfL office as waste paper 
pulp feedstock for the LPfL re-manufacture cycle.
The portion of LPfL re-manufacture cycle feedstock that is waste paper of recycled origin = 
70%
This equals 100% of paper available from self-procured LPfL stock, plus 9% of paper available 
from ‘all other paper input’ stock.
The portion of LPfL re-manufacture cycle feedstock that is waste paper of virgin origin is 
therefore 30%
Calculation:
Using a functional unit of 1000kg
At the theoretical ‘maximum LPfL uptake scenario balance point’:
633kg of paper is 100% recycled ‘self-procured’ LPfL -  all of this paper is potentially available 
to the LPfL recycle cycle
367kg of paper is ‘other paper’ -  of this (85%) 312kg is of the right grade to be potentially 
available to the LPfL recycle cycle.
Of this, (9%) 28kg is considered to be of 100% recycled origin. (See Section 4.3.3. Table 4.4.)
Therefore, of the 945kg of paper potentially available to the LPfL recycle cycle, (633 +28 = 
661) is of 100% recycled content = 70%
And, (312-28 = 284) is of 100% virgin content = 30%
2.1. Determination of virgin content of pulp feedstock to the LPfL remanufacturing cycle
at ‘maximum LPfL uptake scenario balance point’
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2.2. Methodology Applied in maximum LPfL Balance-Point Fibre-Flow Analysis
A number of scenarios are considered for paper consumption compositions into an office 
involved in the LPfL cycle.
Each scenario is assigned a different ‘self-purchased’ (100% recycled LPfL): ‘all other paper’ 
ratio:
- Analysis Step 1. Assume Consumption Ratio is 20% ‘Self-Purchased ‘ Paper Stock to
80% ‘All Other Paper Inputs’
Analysis Step 2: Assume Consumption Ratio is 35% ‘Self-Purchased ‘ Paper 
Stock to 65% ‘All Other Paper Inputs’
- Analysis Step 3: Assume Consumption Ratio is 50% ‘Self-Purchased ‘ Paper Stock
to 50% ‘All Other Paper Inputs’
Analysis Step 4: Assume Consumption Ratio is 65% ‘Self-Purchased ‘ Paper 
Stock to 35% ‘All Other Paper Inputs’
- Analysis Step 5: Assume Consumption Ratio is 80% ‘Self-Purchased ‘ Paper Stock to
20% ‘All Other Paper Inputs’
By accounting for the inherent losses through the LPfL cycle for each of these scenarios it is 
possible to derive the * maximum LPfL uptake scenario balance point’:
Analysis Step 6: Graphically represent Analysis Steps 1 -  5 and determine the 
‘Fibre Flow’ ‘maximum LPfL uptake scenario balance point’, where the 
LPfL consumption requirement is just met by the LPfL cycles’ production 
output. This optimum balance is the point at which the consumption demand 
for Local Paper for London 100% recycled uwf P+W paper is just met by the 
production of the LPfL product via the LPfL production cycle, allowing for 
the inherent losses in the system.
T h is  p o in t is g iven  as:
T o ta l re -m a n u fa c tu re d
1 0 0 %  re c y c le d T o ta l 1 0 0 %  re c y c le d  L P f L
L P f L  p ro d u c e d  fro m  th e d e m a n d e d  b y  th e  L P f L
o ffic e  w a s te  p a p e r  o u tp u t o ffic e
th a t  en te rs  th e  L P f L  cyc le
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Analysis Step 1 is now illustrated. Calculations for Steps 2 to 5 are shown in Appendix 2.2.. All 
analysis step results are shown in Table 5.1. and are graphically represented in Graph 5.1.
(5 .2 .9 )  A n a ly s is  S tep  1: A ssum e C o n s u m p tio n  R a tio  is 2 0 %  ‘ S e lf-P u rc h a s e d  ‘ P a p e r  S to ck , 
8 0 %  A l l  O th e r  P a p e r  In p u ts
O f  th e  1 0 0 %  P a p e r  in p u t in to  th e  o ffic e :
- 20% is 100% recycled LPfL
- 80% is ‘All other Paper’
O f  th e  T o ta l O f f ic e  P a p e r  W a s te  P a p e r  S tre a m :
85% is potentially retrievable (discounting 15% of the total that is ‘irretrievable’. We 
assume this irretrievable portion is split evenly between the ‘LPfL’ and ‘All Other Papers’)
- Therefore, of the total LPfL paper consumed, 85% is retrievable
Of the total ‘All Other Paper’ consumed we assume also that 85% is initially retrievable, 
BUT, of this, only 85% is of uwf P+W grade and thus suitable as a raw material infeed to 
the LPfL cycle.
- Therefore, of the total office paper consumed (0.2 * 0.85) + (0.8 * 0.85 * 0.85) = 75% is 
available as a raw material supply to the LPfL cycle
O f  th e  T o ta l R a w  M a t e r ia l  S u p p ly  to  th e  L P f L  cyc le :
- Approximately 5% is eliminated in the sorting process
- Approximately 17% fibre is eliminated as a sludge in the re-manufacturing (de- 
inking/pulping/papermaking) process
- Approximately 26% of the raw material is of non-fibre components (fillers etc), this is
eliminated as a sludge in the DIP process, but 26% new non-fibre material is reintroduced
immediately in the 100% recycled LPfL re-manufacturing process. Therefore, for the 
purposes of this fibre-flow study, losses and reintroduction of the non-fibre component can 
be ignored.
Therefore, of the 75% of the total office paper consumption that is available as a raw 
material supply to the LPfL cycle, after losses associated with papers irretrievable for 
recycling and losses in the recycling and re-manufacturing systems, 59% is available to be 
returned to the LPfL consumer as a finished LPfL uwf P+W 100% recycled product.
T h e  c o n s u m e r re q u ire s  2 0 %  L P f L  th e re fo re  cyc le  susta ined
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A n a ly s is  S tep  2: A ssum e C o n s u m p tio n  R a tio  is 3 5 %  ‘ S e lf-P u rc h a s e d  ‘ P a p e r  S tock , 6 5 %  
A ll  O th e r  P a p e r  In p u ts
Additional Analysis Steps: (Refer to Section 5.2.10 for full results).
O f  th e  1 0 0 %  P a p e r  in p u t in to  th e  o ffice :
35% is 100% recycled LPfL 
- 65% is ‘All other Paper’
O f  th e  T o ta l  O f f ic e  P a p e r  W a s te  P a p e r  S tre a m :
85% is potentially retrievable (discounting 15% of the total that is ‘irretrievable’. We 
assume this irretrievable portion is split evenly between the ‘LPfL’ and ‘All Other Papers’)
- Therefore, of the total LPfL paper consumed, 85% is retrievable
- Of the total ‘All Other Paper’ consumed we assume also that 85% is initially retrievable,
BUT, of this, only 85% is of uwf P+W grade and thus suitable as a raw material infeed to 
the LPfL cycle. This means that of ‘All Other Papers’ output from the Office a figure of
72% is available as a virgin raw material feed to the LPfL cycle.
- Therefore, of the total office paper consumed (0.35 * 0.85) + (0.65 * 0.72) = 76.5% is
available as a raw material supply to the LPfL cycle
O f  th e  T o ta l R a w  M a t e r ia l  S u p p ly  to  th e  L P f L  cyc le :
5% is eliminated in the sorting process
17% is eliminated as a sludge in the re-manufacturing (de-inking/pulping/papermaking) 
process
Therefore, of the 76.5% of the total office paper consumption that is available as a raw material 
supply to the LPfL cycle, after losses associated with papers irretrievable for recycling and 
losses in the recycling and re-manufacturing systems, only 60.3% is available to be returned to 
the LPfL consumer as a finished LPfL uwf P+W 100% recycled product.
T h e  co n su m er re q u ire s  3 5 %  L P f L  th e re fo re  c yc le  susta ined
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Analysis Step 3: Assume Consumption Ratio is 50% ‘Self-Purchased ‘ Paper Stock,
50% All Other Paper Inputs
O f  th e  1 0 0 %  P a p e r  in p u t in to  th e  o ffice :
50% is 100% recycled LPfL 
50% is ‘All other Paper’
O f  th e  T o ta l O f f ic e  P a p e r  W a s te  P a p e r  S tre a m :
85% is potentially retrievable (discounting 15% of the total that is ‘irretrievable’).
- We assume this irretrievable portion is split evenly between ‘LPfL’ and ‘All Other Papers’
- Therefore, of the total paper LPfL papers consumed in the commercial office 85% is 
retrievable
Of the total ‘All Other Paper’ consumed we assume also that 85% is initially retrievable. 
BUT, of this ‘Other Paper’, only 85% is of uwf P+W grade and thus suitable as a raw 
material infeed to the LPfL cycle. This means that of ‘All Other Papers’ output from the 
Office a figure of 72% is available as a raw material feed to the LPfL cycle.
- Therefore, of the total office paper consumed: (0.5 * 0.85) + (0.5 * 0.72) -  79% is available 
as a raw material supply to the LPfL cycle
O f  th e  T o ta l R a w  M a t e r ia l  S u p p ly  to  th e  L P f L  cyc le :
- 5% is eliminated in the sorting process
17% is eliminated as a sludge in the re-manufacturing (de-inking/pulping/papermaking) 
process
- Therefore, of the 79% of the total office paper consumption that is available as a raw 
material supply to the LPfL production cycle. After losses associated with the recycling and 
re-manufacturing systems, only 62.3% is finally available to be returned to the LPfL 
consumer as a finished LPfL uwf P+W 100% recycled product.
T h e  co n s u m e r re q u ire s  5 0 %  L P f L  th e re fo re  c y c le  susta ined
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Analysis Step 4: Assume Consumption Ratio is 65% ‘Self-Purchased ‘ Paper Stock, 35%
All Other Paper Inputs
O f  th e  1 0 0 %  P a p e r  in p u t in to  th e  o ffice :
- 65% is 100% recycled LPfL
- 35% is ‘All other Paper’
O f  th e  T o ta l O f f ic e  P a p e r  W a s te  P a p e r  S tre a m :
85% is potentially retrievable (discounting 15% of the total that is ‘irretrievable’. We 
assume this irretrievable portion is split evenly between the ‘LPfL’ and ‘All Other Papers’)
- Therefore, of the total LPfL paper consumed, 85% is retrievable
- Of the total ‘All Other Paper’ consumed we assume also that 85% is initially retrievable,
BUT, of this, only 85% is of uwf P+W grade and thus suitable as a raw material infeed to 
the LPfL cycle. This means that of ‘All Other Papers’ output from the Office a figure of
72% is available as a virgin raw material feed to the LPfL cycle.
- Therefore, of the total office paper consumed (0.65 * 0.85) + (0.35 * 0.72) = 80.0% is 
available as a raw material supply to the LPfL cycle
O f  th e  T o ta l R a w  M a t e r ia l  S u p p ly  to  th e  L P f L  cyc le :
- 5% is eliminated in the sorting process
17% is eliminated as a sludge in the re-manufacturing (de-inking/pulping/papermaking) 
process
Therefore, of the 80.0% of the total office paper consumption that is available as a raw material 
supply to the LPfL cycle, after losses associated with papers irretrievable for recycling and 
losses in the recycling and re-manufacturing systems, only 63% is available to be returned to 
the LPfL consumer as a finished LPfL uwf P+W 100% recycled product.
T h e  co n s u m e r re q u ire s  6 5 %  L P f L  th e re fo re  c yc le  n o t susta ined
22
Analysis Step 5: Assume Consumption Ratio is 80% ‘Self-Purchased ‘ Paper Stock, 20%
All Other Paper Inputs
O f  th e  1 0 0 %  P a p e r  in p u t in to  th e  o ffice :
80% is 100% recycled LPfL
- 20% is ‘All other Paper’
O f  th e  T o ta l O f f ic e  P a p e r  W a s te  P a p e r  S tre a m :
- 85% is potentially retrievable (discounting 15% of the total that is ‘irretrievable’. We 
assume this irretrievable portion is split evenly between the ‘LPfL’ and ‘All Other Papers’)
- Therefore, of the total LPfL paper consumed, 85% is retrievable
- Of the total ‘All Other Paper’ consumed we assume also that 85% is initially retrievable,
BUT, of this, only 85% is of uwf P+W grade and thus suitable as a raw material infeed to 
the LPfL cycle. This means that of ‘All Other Papers’ output from the Office a figure of
72% is available as a virgin raw material feed to the LPfL cycle.
- Therefore, of the total office paper consumed (0.8 * 0.85) + (0.2 * 0.72) = 82% is available
as a raw material supply to the LPfL cycle
O f  th e  T o ta l R a w  M a t e r ia l  S u p p ly  to  th e  L P f L  cyc le :
- 5% is eliminated in the sorting process
17% is eliminated as a sludge in the re-manufacturing (de-inking/pulping/papermaking) 
process
Therefore, of the 82% of the total office paper consumption that is available as a raw material 
supply to the LPfL cycle, after losses associated with papers irretrievable for recycling and 
losses in the recycling and re-manufacturing systems, only 64.6% is available to be returned to 
the LPfL consumer as a finished LPfL uwf P+W 100% recycled product.
T h e  c o n su m er re q u ire s  8 0 %  L P f L  th e re fo re  cyc le  n o t sustained
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(5 .2 .1 0 .)  A n a ly s is  S tep  6 : G r a p h ic a lly  re p re s e n t A n a ly s is  Steps 1 - 5  an d  d e te rm in e  th e  
‘ F ib r e  F lo w ’ ‘ m a x im u m  L P f L  u p ta k e  s c e n a rio  b a la n c e  p o in t’ o f  th e  L P f L  c yc le  w h e re  
L P f L  co n su m p tio n  re q u ire m e n ts  a re  ju s t  m e t by th e  L P f L  cyc le  p ro d u c tio n  o u t p u t
T a b le  5 .1 . G r a p h ic a l R e p re s e n ta tio n  o f  F ib r e  F lo w  S cenarios
Office Paper Consumption Split: 
‘self-purchased LPfL’/’All other paper inputs’
% of Total office 
paper demand that 
is ‘self-purchased 
LPfL
% of Total office 
paper demand that 
can be re-supplied 
via LPfL cycle, 
after system 
losses
Office Demand 
for LPfL 
SUSTAINED ?
YES/NO
(Step 1) 20% LPfL / 80% ’A ll other Paper’ 80 59.1
(Step 2) 35% LPfL / 65% ’A ll other Paper’ 65 60
(Step 3) 50% LPfL / 50% ’A ll other Paper’ 50 62
(Step 4) 65% LPfL / 35% ’A ll other Paper 35 63
(Step 5) 80% LPfL / 20% ’A ll other Paper 20 64.5
G r a p h  5 .1 . D e te rm in a tio n  o f  S u s ta in a b le  F ib r e  F lo w  B a la n c e  P o in t
Graph 5.1. shows the theoretical fibre-flow balance point; the point at which the LPfL demand 
for ‘self-purchased’ LPfL can be met from the waste paper that is available to the LPfL cycle as 
a waste output from the commercial premises.
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A n a ly s is  S tep  6a : T e s t th e  ‘ F ib r e  F lo w ’ ‘ m a x im u m  L P f L  u p ta k e  scen ario  b a la n c e  p o in t’ 
w h e re  th e  L P f L  co nsu m p tio n  re q u ire m e n t is ju s t  m e t by th e  L P f L  cyc le  p ro d u c tio n  
o u tp u t.
O f  th e  1 0 0 %  P a p e r  in p u t in to  th e  o ffice :
- 63.3% is 100% recycled LPfL
- 36.7% is ‘All other Paper’
O f  th e  T o ta l O f f ic e  P a p e r  W a s te  P a p e r  S tre a m :
85% is potentially retrievable (discounting 15% of the total that is ‘irretrievable’. We 
assume this irretrievable portion is split evenly between the ‘LPfL' and ‘All Other Papers’) 
Therefore, of the total LPfL paper consumed, 85% is retrievable
- Of the total ‘All Other Paper’ consumed we assume also that 85% is initially retrievable, 
BUT, of this, only 85% is of uwf P+W grade and thus suitable as a raw material infeed to 
the LPfL cycle.
- Therefore, of the total office paper consumed (0.633 * 0.85) + (0.367 * 0.85 * 0.85) = 
80.3% is available as a raw material supply to the LPfL cycle
O f  th e  T o ta l R a w  M a t e r ia l  S u p p ly  to  th e  L P f L  cyc le :
- Approximately 5% is eliminated in the sorting process
- Approximately 17% is eliminated as a sludge in the re-manufacturing (de- 
inking/pulping/papermaking) process
Non fibre losses and reintroduction in the LPfL re-manufacturing process -  ignore
Therefore, of the 80.3% of the total office paper consumption that is available as a raw material 
supply to the LPfL cycle, after losses associated with papers irretrievable for recycling and 
losses in the recycling and re-manufacturing systems, only 63.3% is available to be returned to 
the LPfL consumer as a finished 100% recycled LPfL product.
T h e  c o n su m er re q u ire s  6 3 %  L P f L  th e re fo re  cyc le  IS  IN  B A L A N C E
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Results overview of Consumer Attitude survey towards 
L P fL  use in offices signed up to the project
A p p e n d i x  T h r e e
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Determination of Transportation impacts associated with  
virgin and recycled imports to U K  and for the Local Paper
for London cycle
A p p e n d i x  F o n r
41
D e te rm in a tio n  o f  T ra n s p o rta t io n  im p ac ts  associated w ith  v irg in  im p o rts  to  U K  and  th e  
L o c a l P a p e r  fo r  L o n d o n  cyc le
E x tr a c t  fro m  S ection  1 0 .4 .2 . T ra n s p o r ta t io n  im pacts .
Increased transportation is regularly cited as a major environmental problem with increased 
recycling (Ekvall, & Finnveden, 2000; Virtanen, & Nilsson, 1993). One issue routinely raised is 
that recycling results in more transport activity in the urban environment over and above pre­
existing waste disposal activity. It has not been possible to find published data to compare total 
transport impacts of conventional recycled systems against the LPfL cycle. It has been possible 
however to break down transport impacts in the LPfL cycle for the collection and final delivery 
stages and to then compare these with (a) alternative delivery systems for this paper grade (as 
shown in Table 10.1) and (b) published transport delivery impacts for final waste disposal 
activity in the UK (shown in Table 10.2).
In terms of finished product delivery, Table 10.1. shows that the local cycle results in an 18-fold 
reduction in transport energy when compared to the conventional virgin delivery scenario and a 
13-fold reduction compared to the conventional recycled delivery scenario.
The transportation data used in the development of the figures presented in Table 10.2 are 
provided in Appendix 4
E x tra c t  fro m  T a b le s  10.1 and  1 0 .2 .: E n e rg y  Im p a c ts  in  T ra n s p o rta t io n  o f  P a p e r  fro m  
S o u rce  to  U K  C o n s u m e r, and  fo r  W a s te  P a p e r  D isposal
IK Supply Scenario for In coated 
woodfree printing and w riting papers
Overall Transportation 
Energy Demand in the Cycle 
MJ/t delivered
Virgin Imported 3822
‘Conventional’ Recycled (UK/Imported mix) 2769
Local Paper for London Collection Cycle 362
Local Paper for London Delivery 212
Waste Paper disposal (London) 177
Source: (Hart, A. 2002)
Note: the transportation impacts associated with the virgin imported and recycled UK/Imported scenarios have 
been derivedfrom analysis o f2001 supply statistics to UK.. Sources: PFGB 2001, NLK, 2001.
Transportation impacts associatedfrom waste paper disposal have been developedfrom PIRA International LCA 
data cited in IIED, (1996)
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Analysis of Potential Illegality o f uw f P +W  pulp and paper
imports to the U K
A p p e n d i x  F i v e
56
A n a lys is  o f  P o te n tia l I l le g a lity  o f u w f  P + W  p u lp  and paper im p o rts  to  the  U K
S u s t a in a b le  F o r e s t r y  I s s u e s  a n d  t h e  p o t e n t ia l  i l l e g a l i t y  o f  u w f  P + W  p u lp  a n d  p a p e r  
im p o r t s  to  t h e  U K .
It is possible to consider the scale of potential illegality associated with imports of uwf P+W 
pulp and paper to the UK. As mentioned in Section 6.6., the Worldwide Fund for Nature has 
only recently published work on this issue Toyne, P. et al., (2002). Having conducted an import 
analysis in this thesis specifically for uwf P+W paper, it has in fact been possible to conduct 
collaborative research with WWF into this issue. By cross-reference with the WWF research 
into illegal pulp and paper imports to the UK across all paper grades, figures have been derived 
for pulp and finished paper imports specifically for uwf P+W paper. The results do indicate that 
the quantities of potentially illegal pulp and paper imports in the uwf P+W sector may rise 
significantly above the figures determined for imports of all paper grades to the UK. 
Recommendations for further research to clarify the level of potential illegality in uwf P+W 
pulp and paper imports to the UK are given in Appendix 1
E x t r a c t  f r o m  A p p e n d ix  1 R .3
I t  m u s t  b e  s t r e s s e d  t h a t  t h e  d a t a  d e v e lo p e d  in  A p p e n d ix  4  m u s t  in  n o  w a v  b e  r e f e r e n c e d  a s  
a  d e f i n i t i v e  o r  in d e e d  W W F  e n d o r s e d  a n a ly s i s  o f  p o t e n t ia l  i l l e g a l i t y  o f  u w f  P + W  p u lp  a n d  
p a p e r  im p o r t s  to  t h e  U K  W W F  h a v e  t o - d a t e  k in d ly  c o - o p e r a t e d  in  p r o v id in g  b a c k g r o u n d  
d a t a  f r o m  t h e i r  G 8  r e p o r t  ( T o y n e ,  P .  e t .  a l .  2 0 0 2 ;  s e e  r e f e r e n c e s  S e c t io n  6 ) .  I t  is  r e c o g n is e d  
b y  t h e  a u t h o r  o f  t h i s  T h e s i s  a n d  D r  P a u l  T o y n e ,  t h e  a u t h o r  o f  t h e  W W F  G 8  r e p o r t  t h a t  t h e  
r e s e a r c h  in t o  u w f  P + W  p a p e r  m u s t  b e  s t r e n g t h e n e d  a lo n g  t h e  l in e s  o f  t h e  
r e c o m m e n d a t io n s  m a d e  a b o v e  b e f o r e  a n y  s u c h  d a t a  c o u ld  b e  r e f e r e n c e d .  A n y  s u c h  w o r k  
m u s t  b e  c o n d u c t e d  in  c o l la b o r a t io n  w i t h  t h e  W W F .
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Analysis of proportion of illegal imports for uwf P+W pulp and paper to the 
UK
Cross-referenced with WWF Report: ’The timber footprint of the G8 and 
China’ (Toyne, P. e t  al. WWF, Godalming, Surrey, 2002)
C a lcu la tio n s :
Overview of Results: (Figures relate to UIC Import Statistics for 2000)
Total uwf p+w PULP imported = 1,303,160 & 7.62% believed illegal = total of 
99,300 tonnes pulp
Total uwf p+w PAPER imported = 954,000 tonnes & 17.5% believed illegal = 
total of 166,950 tonnes paper
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Table 1: (Data From WWF): Breakdown of total imports to UK for timber, pulp and 
paper and %’s considered illegal_________ _________________________________
Imuorts total: 21.5
Exporting country 2000 % illegal comments
Canada 0.59
USA 0.57
Argentina 0.005923
Brazil 1.09 40% assume 50% tropical
Chile 0.17
Guyana 0.041413
Austria 0.09
Belgium 0.74
Denmark 0.125116
Finland 2.72 20%
France 0.66
Germany 0.76
Greece 0.000479
Ireland 1.12
Italy 0.15
Netherlands 0.26
Portugal 0.238983
Spain 0.23
Sweden 3.83 20%
Norway 0.26 15%
Switzerland 0.08
Belarus 0.02
Czech Republic 0.112095
Estonia 0.72 50%
Hungary 0.002224
Latvia 3.74 20%
Lithuania 0.22 20%
Poland 0.27
Romania 0.002956
Russia 1.21 20% assume 100% from Russia (North and West)
Slovakia 0.003484
Slovenia 0.002396
Indonesia 0.68 100%
Malaysia 0.41 18% assume 100% from Peninsular Malaysia
South Africa 0.165942
Cameroon 0.080441 50%
Congo Brazzaville 0.001919
Gabon 0.0034 70%
Ghana 0.05 60%
Ivory Coast 0.04
Liberia 0.002697 50%
Nigeria 0.00179
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A n a ly s i s  O n e :  P U L P  I M P O R T A T I O N S
T a b le  2 :  D e t e r m in a t io n  o f  %  i l l e g a l  P U L P  f o r  u w f  P + W  to  U K
N o t e s :  B la c k  T e x t :  W W F  D a t a  2 0 0 2
P u r p le  T e x t :  N L K  D a t a  2 0 0 1
B lu e  T e x t :  c r o s s - r e f e r e n c e d  c a l c u l a t i o n s  f o r  ille jg a l im p o r t s  o f  u w fr p + w
P u lo  Im D orts 5 .7
E x p o r t in g  c o u n tr y 2 0 0 0 %  ille g a l E x p o r t  C o u n tr y %  o f  T o ta l U W F  
P u lp  Im p o r t to
U K
%  ille g a l
C anada 1.08 C anada 15 .93
U S A 0 .9 6 N th. U S A 15.93
A rgentina 0 .0 0 9 7 3 8
B razil 0 .5 9 Brazil 2 1 .5 8
C h ile 0 .2 6 C hili 3 .0 8
B elg iu m 0 .0 6 3 3 7 7
Finland 0 .6 3 20% F inland 10 .28 2
France 0 .0 2 2 7 1 4
G erm any 0 .0 6 6 1 6 7
Italy 0 .0 0 2 6 5 3
N etherlan ds 0 .0 0 8 3 6 9
Portugal 0 .4 0 4 9 2 1 Portugal 6 .1 8
Spain 0 .2 8 6 0 5 1 Spain 4 .6 6
S w ed en 0 .8 0 20% S w ed en 13.9 2 .7 8
N orw ay 0 .1 6 0 7 0 2 15% N orw ay 2 .4 5 0 .3 6
C zech  R ep ub lic 0 .0 0 6 8 8 6
R ussia* 0 .1 4 7 8 7 8 20% R ussia 2 .4 0 0 .4 8
Indonesia 0 .1 0 8 2 2 9 100% Indonesia 2 .0 0 2 .0
South  A frica 0 .0 7 8 1 4 4 Sth A frica 1.61
T otal U W F  P + W  P U L P  P O T E N T IA L L Y  IM P O R T E D  IL L E G A L L Y  T O  U K 7.6 2 %
*a ssu m e  100%  from  R uss ia  (N o rth  and  W e s t)
From my table below, total uwf p+w PULP imported = 1,303,160 & 7.62% believed illegal =
total of 99,300 tonnes pulp
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UWF UK Pulp Importation Details. Information extracted from NLK report sections 2.1 -  
2.7, Nov 01
A n a lys is  1 : S u p p o rtin g  In fo rm a tio n
Table 3: PULP IMPORTS (Softwood Sulphate and Hardwood Sulphate, ignoring sulphite pulps
Export
Country
Quantity 
Imported Soft 
(Tonnes)
Quantity 
Imported H ard 
(Tonnes)
Combined 
Import Total 
(Tonnes)
% of Total UWF 
Pulp Im port to
UK
Sweden 1 3 5 , 0 0 0 46,000 181,000 13.9
Finland 97,200 36,800 134,000 10.28
Spain 21,600 39,100 60,700 4.66
Portugal nil 80,500 80,500 6.18
Norway 16,000 16,000 * 32,000 2.45
Russia 31,200 31,200 2.40
Sth Africa 21,000 21,000 1.61
Canada 110,000# 97,500 207,500 15.93
Nth. USA 110,000# 97,500 207,500 15.93
Chili 40,200 40,200 3.08
Brazil 19,800 261,440 281,240 21.58
Indonesia 26,320 26,320 2.00
Totals 570,800 732,360 1,303,160 100
* = Global market pulp
# = 50/50 split of Nth American total in NLK report 
Note, table only shows key import countries
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A n a ly s i s  T w o :  P A P E R  I M P O R T A T I O N S
T a b le  4 :  D e t e r m in a t io n  o f  %  i l l e g a l  f i n i s h e d  u w f  P + W  P A P E R  to  U K  
N o t e s :  B la c k  T e x t :  W W F  D a t a ,  P u r p le  T e x t :  N L K  D a t a
B lu e  T e x t :  c r o s s - r e f e r e n c e  s u m  f o r  i l l e g a l  im p o r t s  o f  u w f  P + W
P aper Im ports 24.5
E xporting country 2000 % illegal % o f  T otal U W F  
PA PE R  Im port 
to U K
% illegal M y com m ents re assum ptions m ade to  
m erge W W F  and N L K  data sets
Canada 1.15
U SA 0.96
Brazil 0.17
Chile 0.01002
M exico 0.03
Austria 0.48 4.5%
Belgium 0.59 1.6%
Denmark 0.07
Finland 5.81 20% 39% 7.8
France 2.00 5.2%
Germany 4.27 5.9%
Greece 0.011802
Ireland 0.19
Italy 0.71 0.4%
Netherlands 1.52 4.5%
Portugal 0 .210324 5.9%
Spain 0.53 0.4%
Sweden 3.28 20% 12.9% 2.58
Norway 1.36 15%
Switzerland 0.058035
Czech Republic 0.05172
Estonia 0.01
Hungary 0.031647
Poland 0.22
Russia* 0.19 20%
Slovenia 0.033369
Australia 0.02
China 0.10 20%
Indonesia 0.21 100%
Malaysia 0.013353
South Korea 0.05
Thailand 0.024516
South Africa 0.06321
Japan 0.03
Singapore 0.005652
Taiwan 0.01
West Europe 1%
East Europe 4.0% 0.8 assumed all Russian
Nth America 0.8%
Sth America 6.0%
Asia 7.9% 6.32 assumed 80% illegal
T otal U W F P+W  PA PER  PO T E N T IA LL Y  IM PO R T E D  
IL L E G A L L Y  T O  UK
17.5%
*a ssu m e  100%  from  R uss ia  (N o rth  and  W e s t)
From Table 4, total uwf p+w PAPER imported = 954,000 tonnes & 17.5% 
believed illegal = total of 166,950 tonnes paper
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A na lys is  1 : S u p p o rtin g  In fo rm a tio n
U W F  P a p e r  I m p o r t a t io n  D e t a i l s ,  f r o m  S e c t io n  6 ,  N L K  R e p o r t ,  N o v  0 1
C o u n tr y Im p o r ts
( ‘0 0 0
ton n es)
% o f  P a p e r  
Im p o r t T o ta l  
to  U K  fo r  
G P ’s
U W F
In te g r a t io n *
H a r d w o o d
P r o p o r t io n
E u c a ly p tu s
% o f H W
E u c a ly p tu s
C o n s u m p tio n
( ‘0 0 0  ton n es)
A ustria 43
4 .5%
12% 70% 70% 3
B elg iu m 15
1.6%
5% 80% 20% -
Finland 3 7 2
39%
100% 75% - -
France 50
5.2%
30% 65% 40% 4
G erm any 56
5.9%
9% 60% 45% 1
Italy 4
0 .4%
20% 70% 30% -
N etherland s 43
4 .5%
0% 70% 55%
Portugal 56 5.9% 100% 100% 100% 56
Spain 4 0 .4% 100% 100% 100% 4
S w ed en 123 12.9% 100% 75% - -
E U 7 6 6 7 5 % 75% 12% 6 8
W est
E urope
10 1% 50% 60% 50% 2
E ast E urope 37 4 .0% 50% 50% 10% 1
N orth
A m erica
8
0 .8%
80% 65% 10% -
South
A m erica
57 6 .0% 100% 100% 100% 57
A sia 76
7 .9%
80% 80% 5% -
W o r ld 9 5 4 100% 8 0 % 75% 13% 128
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Local Paper for London Life Cycle Inventory Analysis Data 
and Im provem ent Assessment Findings
A p p e n d i x  S i x
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6 .L
LPfL 4®ase Case9 Impact Profile Characterisation 
As per Section 11.3.
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L P fL  ‘B ase C a se’ Im pact Profile C h aracter isa tion  A s per Section 11.3.
L P F L 1 A A  C M L PO
H e a d in g N a m e T o ta l
a b io tic  dep le tio n  (O il e q u iv .) (x .1 ) 55 .7 7 4 4 2 0 4 8 557
E ne rgy  (M J) (x .001 ) 2 0 .7 7 5 9 3 8 6 7 20 .77G J
G W P  (C 0 2  e q u iv .) (x .01 ) 10 .253 31114 1025
A c id ific a tio n  (kg  S 0 2 )  (x10) 31 .2 2 3 8 5 5 8 2 3.1 KG
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 4 3 .3 3 3 0 5 6 4 0 .0433
H um an  T o x ic ity  (kg /kg ) (x10) 43 .48327241 4 .3 4 8 K G /K G
N u trifica tio n  (kg  P 0 4 )  (x100 ) 41 .65752181 0 .4 1 6 5 K G
O d o u r (kg  N H 3) (x10) 17 .215 41107
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 ) 18 .813 80326 0 .0 0 0 1 88K G
S u m m e r S m og  (kg e th y le n e ) (x100 ) 34 .4 6 6 3 9 8 2 6 0 .3 4 4 KG
LPFL1AA. Base Case Impact Assessment T o ta l. CML P.O. x 10
Summer Sm og (kg ethylene)
(x100)
O zone depletion (kg CFC 11)
(x100000)
Odour (kg NH3) (x10)
Nutrification (kg P 0 4 ) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3)
(x1000)
Acidification (kg S 0 2 )  (x10)
GWP ( 0 0 2  equiv.) (x.01)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.)
(x.1)
I— —— — — — I------------------------ ,-------------------------1------------------------ 1
10 20 30 40 50 60
■  Total
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Note: Data for Energy for Sludge benefits are held by the author. D u e  to confidentiality issues the data is withheld 
from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r isa tio n : In c lu d in g  E ne rgy  fro m  Sludge
L P F H A A -E fS s a v e  C M L PO
H e a d in g N a m e T o ta l B a se -C a se  re fe re n ce
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 51 .1 8 5 1 1 6 7 2 5 5 .7 7 4 4 2 0 4 8
E ne rgy  (M J) (x .001 ) 19 .309 66803 2 0 .7 7 5 9 3 8 6 7
G W P  (C 0 2  e q u iv .) (x .1 ) 95 .20542081 1 02 .53 31114
A c id ific a tio n  (kg  S 0 2 )  (x10) 30 .1 8 0 1 6 7 9 5 3 1 .2 2 3 8 5 5 8 2
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 42 .6 2 2 4 4 2 7 9 43 .3 3 3 0 5 6 4
H um an T o x ic ity  (kg /kg ) (x10) 42 .2 7 2 6 1 7 8 6 43 .483 27241
N u trifica tio n  (kg  P 0 4 )  (x100 ) 4 0 .0 3 7 3 4 6 5 7 41 .657 52181
O d o u r (kg  N H 3) (x10) 17 .154 27906 17 .215 41107
O zo n e  d e p le tio n  (kg C F C  11) (x 1 00000 ) 18 .336 16235 1 8 .813 80326
S u m m e r S m og (kg e thy lene ) (x100 ) 33 .3 9 4 6 8 8 4 2 3 4 .4 6 6 3 9 8 2 6
LPFL1 AA.-EfSsave Base Case Impact Assessment T o ta l. CML P.O. x 10
Summer Sm og (kg ethylene) 
(x100)
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3) (xiO)
Nutrification (kg P 0 4 ) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10) 
GW P ( 0 0 2  equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.)
(x.1)
■  Total
10 20 30 40 50 60 70 80 90 100
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L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : In c lu d in g  50%  fossil fu e l reduc tion  in
waste co llec tion  tra n s p o rta tio n  in  the  L P fL  co llec tion  cycle
L P F L 1 A A -5 0 % w c t C M L PO
H e a d in g N a m e T o ta l B a se -C a se  re fe re n ce
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 5 5 .2 8 4 6 2 2 2 5 5 5 .7 7 4 4 2 0 4 8
E nergy  (M J) (x .001 ) 2 0 .5 6 8 7 8 5 5 8 2 0 .7 7 5 9 3 8 6 7
G W P  (C 0 2  e q u iv .) (x .01 ) 10 .11061231 102 .5 3 3 1 1 1 4
A c id ifica tio n  (kg  S 0 2 )  (x10) 30 .6 1 5 6 9 2 8 2 3 1 .2 2 3 8 5 5 8 2
E co to x ic ity  (A q u a tic  m 3) (x1 000) 4 2 .8 1 8 6 6 8 3 7 4 3 .3 3 3 0 5 6 4
H um an  T o x ic ity  (kg /kg ) (x10) 4 2 .7 1 5 7 6 3 5 9 43 .483 27241
N u trifica tio n  (kg P 0 4 )  (x100 ) 4 0 .7 5 9 3 0 9 8 41 .657 52181
O d o u r (kg  N H 3) (x10) 1 7 .159 06414 17 .2 1 5 4 1 1 0 7
O zo n e  d e p le tio n  (kg  C F C  11) (x1 0 0000 ) 17 .297 3449 18 .8 1 3 8 0 3 2 6
S u m m e r S m og (kg  e th y le n e ) (x100 ) 32 .3 4 7 9 3 3 7 5 3 4 .4 6 6 3 9 8 2 6
LPFL1AA.-50%wct Base Case Impact Assessment T o ta l. CML P.O. x 10
Summer Sm og (kg ethylene) I 
(x100)
O zone depletion (kg CFC 11) I 
(x100000)
Odour (kg NH3)(x10)
Nutrification (kg P 0 4 ) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) I 
(x1000)
Acidification (kg S 0 2 )  (x10)
GWP (C 0 2  equiv.) (x.01)
Energy (M J)(x.001)
abiotic depletion (Oil equiv.) I 
(x.1)
0
-i------------- 1------------- 1-------------r-——-------- 1------------- 1
10 20 30 40 50 60
■  Total
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L P f L  ‘ B a s e  C a s e ’ I m p a c t  P r o f i l e  C h a r a c t e r i s a t io n :  I n c lu d in g  f in a l  s t a g e  o f  c o l l e c t i o n  c y c l e  
b y  s e a
L P F L 1 A A + S E A . B ase  C a se  Im p a c t A s s e s s m e n t T o ta l . C M L P.O . x  10
LPFL1AA+SEA. Base Case Impact Assessment T o ta l. CML P.O. x 10
Summer Sm og (kg ethylene) 
(x100)
O zone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3) (x10)
Nutrification (kg P 0 4 ) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicrty (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10) 
GWP (C 0 2  equiv.) (x.01)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.)
(x.1)
H e a d in g N a m e
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 
E ne rgy  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .01 ) 
A c id ifica tio n  (kg  S 0 2 )  (x10) 
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 ) 
O d o u r (kg  N H 3) (x10)
O zo n e  d e p le tio n  (kg  C F C  11)
(x 1 00000 )
S u m m e r S m og (kg  e th y le n e ) 
(x100 )
T o ta l
5 6 .0 2 4 2 3 3 8 2
2 0 .7 3 2 5 3 2 8 2
10 .220 64756
3 1 .6 3 3 9 3 9 2
4 3 .2 7 6 6 6 2 3 4
4 4 .0 2 7 7 4 7 9 6
4 2 .0 7 0 2 1 3 2 3
17 .419 35184
18 .447 27264
3 4 .3 5 6 7 6 1 7 2
B a se -C a se  re fe re n ce
5 5 .7 7 4 4 2 0 4 8
20 .7 7 5 9 3 8 6 7
102 .5 3 3 1 1 1 4
3 1 .2 2 3 8 5 5 8 2
4 3 .3 3 3 0 5 6 4
43 .483 27241
41 .657 52181
1 7 .215 41107
1 8 .813 80326
3 4 .4 6 6 3 9 8 2 6
■  Total
0 10 20 30 40 50 60
69
L P F L 1 A A  + 5 0 % w c t+ S E A . B ase  C a se  Im p a c t A s s e s s m e n t T o ta l . C M L  P .O . x  10 
H e a d in g N a m e  T o ta l B a se -C a se  re fe re n ce
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : In c lu d in g  50%  fossil fu e l red u c tio n  in
waste co llec tion  tra n s p o rta tio n  in  the  L P fL  co lle c tion  cycle  and f in a l stage o f  co llec tion
cycle  by  sea
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 5 5 .4 0 8 8 7 4 6 6 5 5 .7 7 4 4 2 0 4 8
E n e rg y  (M J) (x .001 ) 2 0 .5 4 6 8 0 5 3 3 2 0 .7 7 5 9 3 8 6 7
G W P  (C 0 2  e q u iv .) (x .01 ) 10 .09409441 1 0 2 .53 31114
A c id ific a tio n  (kg  S 0 2 )  (x10) 3 0 .8 1 9 9 8 1 4 7 3 1 .2 2 3 8 5 5 8 2
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 4 2 .7 8 9 8 0 7 0 3 4 3 .3 3 3 0 5 6 4
H um an  T o x ic ity  (kg /kg ) (x10) 4 2 .9 8 7 0 4 3 5 3 43 .483 27241
N u trifica tio n  (kg  P 0 4 )  (x100 ) 4 0 .9 6 4 5 6 1 5 41 .657 52181
O d o u r (kg  N H 3) (x10) 17 .260 98065 1 7 .215 41107
O zo n e  d e p le tio n  (kg  C F C  11) 1 7 .112 08634 18 .813 80326
(x1 00000 )
S u m m e r S m og  (kg e th y le n e ) 3 2 .2 9 0 3 0 9 9 5 34 .4 6 6 3 9 8 2 6
(x100 )
LPFL1 AA +50%wct+SEA. Base Case Impact Assessment T o ta l. CML P.O. x 10
Summer Sm og (kg ethylene) 
(x100)
O zone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)(x10)
Nutrification (kg P 0 4 )  (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10) 
GWP ( 0 0 2  equiv.) (x.01)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.) 
(x.1)
■  Total
10 20 30 40 50 60
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L P f L  ‘ B a s e  C a s e ’ I m p a c t  P r o f i l e  C h a r a c t e r i s a t io n :  I n c lu d in g  E n e r g y  f r o m  S lu d g e  a n d  
5 0 %  f o s s i l  f u e l  r e d u c t io n  in  w a s t e  c o l l e c t i o n  t r a n s p o r t a t io n  in  t h e  L P f L  c o l l e c t i o n  c y c l e
L P F L 1 A A -E fS sa ve -5 0 % w c t. B ase  C a se  Im p a c t A s s e s s m e n t T o ta l . C M L  P .O . x  10
H e a d in g N a m e T o ta l B a se -C a se  re fe re n ce
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 5 0 .6 9 4 6 6 4 2 2 5 5 .7 7 4 4 2 0 4 8
E ne rgy  (M J) (x .001 ) 19 .10223761 2 0 .7 7 5 9 3 8 6 7
G W P  (C 0 2  e q u iv .) (x .1 ) 9 3 .7 7 6 5 7 1 4 7 1 0 2 .53 31114
A c id ifica tio n  (kg  S 0 2 )  (x10) 29 .57125191 3 1 .2 2 3 8 5 5 8 2
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 4 2 .1 0 7 3 9 0 4 5 4 3 .3 3 3 0 5 6 4
H um an  T o x ic ity  (kg /kg ) (x10) 41 .504 15121 43 .483 27241
N u trifica tio n  (kg  P 0 4 )  (x100 ) 3 9 .1 3 8 0 4 0 5 5 41 .657 52181
O d o u r (kg  N H 3) (x10) 17 .097 87826 1 7 .215 41107
O zo n e  d e p le tio n  (kg  C F C  11) 16 .817 71074 18 .813 80326
(x1 00000 )
S u m m e r S m og  (kg  e thy lene ) 3 1 .2 7 3 4 1 8 3 8 3 4 .4 6 6 3 9 8 2 6
(x100 )
LPFL1 AA-EfSsave-50%wct. Base Case Impact Assessment Total . CML P.O. x 10
Summer Sm og (kg ethylene) 
(x100)
O zone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)(x10) 
Nutrification (kg P 0 4 )  (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10) 
GWP (C 0 2  equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.)
(x.1)
■  Total
10 20 30 40 50 60 70 80 90 100
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L P f L  ‘ B a s e  C a s e ’ I m p a c t  P r o f i l e  C h a r a c t e r i s a t io n :  I n c lu d in g  E n e r g y  f r o m  S lu d g e  a n d  
E n e r g y  f r o m  2 0 ,0 0 0  t o n n e s  o f  d e g r a d e d  w a s t e  p a p e r  p e r  a n n u m
Note: Data for Energy for Sludge a n d  W a s te  Paperbenefits are held by the author. D u e  to confidentiality issues 
the data is withheld from publication.
L P F L 1 A A -E fS s a v e + P 2 0 k
H e a d in g N a m e T o ta l B a se -C a se  re fe re n ce
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 48 .69578221 5 5 .7 7 4 4 2 0 4 8
E n e rg y  (M J) (x .001 ) 18 .509 40917 2 0 .7 7 5 9 3 8 6 7
G W P  (C 0 2  e q u iv .) (x .1 ) 9 1 .2 5 6 1 8 9 5 8 102 .53 31114
A c id ifica tio n  (kg  S 0 2 )  (x10) 2 9 .6 2 3 4 6 4 8 9 3 1 .2 2 3 8 5 5 8 2
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 4 2 .2 6 6 4 4 5 4 9 4 3 .3 3 3 0 5 6 4
H um an  T o x ic ity  (kg /kg ) (x10) 41 .61329881 43 .483 27241
N u trifica tio n  (kg  P 0 4 )  (x100 ) 3 9 .2 6 9 0 3 3 7 5 41 .657 52181
O d o u r (kg  N H 3) (x10) 17.02645091 1 7 .215 41107
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 ) 18.22765551 1 8 .813 80326
S u m m e r S m og  (kg e th y le n e ) (x100 ) 3 3 .0 8 5 1 1 2 0 9 3 4 .4 6 6 3 9 8 2 6
LPFL1AA.-EfSsave+P Base Case Impact Assessment T o ta l. CML P.O. x 10
Summer Sm og (kg ethylene) 
0(100)
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3) (x10)
Nutrification (kg P 0 4 ) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10)
G W P  ( C 0 2  equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.) I 
(x.1)
---------------------------------1-----------------------------i----------------------------- i-------------------------------r — — — i---------------------------1-----------------------------i  i  i -----------------------------1
0 10 20 30 40 50 60 70 80 90 100
■  Total
72
L P f L  ‘ B a s e  C a s e ’ I m p a c t  P r o f i l e  C h a r a c t e r i s a t io n :  I n c lu d in g  E n e r g y  f r o m  S lu d g e  a n d  
E n e r g y  f r o m  2 0 ,0 0 0  t o n n e s  o f  d e g r a d e d  w a s t e  p a p e r  p e r  a n n u m  a n d  5 0 %  f o s s i l  f u e l  
r e d u c t io n  in  w a s t e  c o l l e c t i o n  t r a n s p o r t a t i o n  in  t h e  L P f L  c o l l e c t io n  c y c l e
N ote. Data for Energy for Sludge a n d  W a s te  Paperbenefits are held by the author. D u e  to confidentiality issues 
the data is withheld from publication.
L P F L 1 A A -E fS s a v e + P 2 0 k  -5 0 % w ct. B ase  C a se  Im pac t A s s e s s m e n t T o t a l . C M L  P .O . x
T o ta l B a se -C a se  re fe re n ce
10
H e a d in g N a m e
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 
E ne rgy  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .1 ) 
A c id ifica tio n  (kg  S 0 2 )  (x10) 
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 
H um an  T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 ) 
O d o u r (kg  N H 3) (x10)
O zo n e  d e p le tio n  (kg  C F C  11)
(x1 00000 )
S u m m e r S m og  (kg e thy lene )
(x 1 00)
4 8 .1 8 9 6 7 8 9 4 5 5 .7 7 4 4 2 0 4 8
18 .300 03822 2 0 .7 7 5 9 3 8 6 7
8 9 .7 8 4 3 3 8 5 7 102 .53 31114
29 .0 0 3 6 0 7 0 6 3 1 .2 2 3 8 5 5 8 2
4 1 .7 2 8 8 7 5 9 4 4 3 .3 3 3 0 5 6 4
40 .840 75871 43 .483 27241
3 8 .2 9 0 8 5 2 9 8 41 .657 52181
17 .030 89008 17 .215 41107
16.60675811 18 .813 80326
3 0 .7 7 9 7 7 3 4 3 34 .4 6 6 3 9 8 2 6
LPFL1AA-EfSsave+P -50%wct. Base Case Impact Assessm ent T o ta l. CML
P.O. x 10
Summer Sm og (kg ethylene) 
(x100)
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3) (x10) 
Nutrification (kg P 0 4 )  (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10) 
GWP (C 0 2  equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.) 
(x.1)
□
■  Total
10 20 30 40 50 60 70 80 90 100
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L P f L  ‘ B a s e  C a s e ’ I m p a c t  P r o f i l e  C h a r a c t e r i s a t io n :  I n c lu d in g  E n e r g y  f r o m  S lu d g e  a n d  
E n e r g y  f r o m  4 0 ,0 0 0  t o n n e s  o f  d e g r a d e d  w a s t e  p a p e r  p e r  a n n u m
Note: Data for Energy for Sludge a n d  W a s te  Paperbenefits are held by the author. D u e  to confidentiality issues 
the data is withheld from publication.
L P F L 1 A A -E fS sa ve + P 4 0 K . B ase  C a se  Im p a c t A s s e s s m e n t T o ta l . C M L  P .O . x  10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 
E n e rg y  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ifica tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3) (x10)
O zo n e  d e p le tio n  (kg  C F C  11)
(x1 00000 )
S u m m e r S m og (kg  e th y le n e )
(x1 00)
B a se -C a se  re fe re n ce
4 1 . 9 8 0 5 9 1 3 6 5 5 . 7 7 4 4 2 0 4 8
1 6 . 3 6 2 4 4 4 6 5 2 0 . 7 7 5 9 3 8 6 7
8 0 . 5 4 1 7 6 5 3 9 1 0 2 . 5 3 3 1 1 1 4
2 8 . 0 9 9 1 4 0 7 4 3 1 . 2 2 3 8 5 5 8 2
4 1 . 2 3 5 5 0 2 7 4 3 . 3 3 3 0 5 6 4
3 9 . 8 4 1 0 4 5 7 5 4 3 . 4 8 3 2 7 2 4 1
3 6 . 9 3 1 5 3 7 5 2 4 1 . 6 5 7 5 2 1 8 1
1 6 . 9 0 8 5 6 9 5 8 1 7 . 2 1 5 4 1 1 0 7
1 7 . 5 7 3 9 8 0 1 9 1 8 . 8 1 3 8 0 3 2 6
3 1 . 5 9 8 5 6 8 4 5 3 4 . 4 6 6 3 9 8 2 6
LPFL1AA-EfSsave+P40K. Base Case Impact Assessment Tota l. CML P.O. x 10
Summer Smog (kg ethylene) 
(x100)
Ozone depletion (kg CFC 11) 
(xi 00000)
Odour (kg NH3)(x10) 
Nutrification (kg P04) (xi 00) 
Human Toxicity (kg/kg) (xi 0) 
Ecotoxicity (Aquatic m3) (xIOOO) 
Acidification (kg S02) (x10) 
GWP (C 02 equiv.) (x.1) 
Energy (MJ) (x.001) 
abiotic depletion (Oil equiv.) (x.1)
□  T o ta l
74
L P f L  ‘ B a s e  C a s e ’ I m p a c t  P r o f i l e  C h a r a c t e r i s a t io n :  I n c lu d in g  E n e r g y  f r o m  S lu d g e  a n d  
E n e r g y  f r o m  6 0 ,0 0 0  t o n n e s  o f  d e g r a d e d  w a s t e  p a p e r  p e r  a n n u m
Note: Data for Energy for Sludge a n d  W a s te  P aperbenefits are held by the author. D u e  to confidentiality issues 
the data is withheld from publication.
L P F L 1 A A -E fS sa ve + P P 6 0 K . B ase  C a se  Im pac t A s s e s s m e n t T o ta l . C M L  P .O . x  10 
H ead ing  N am e T o ta l B a se -C a se  re fe re n ce
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 ) 3 3 .6 2 3 1 8 7 6 5 5 5 .7 7 4 4 2 0 4 8
E ne rgy  (M J) (x .001 ) 13 .686 46357 2 0 .7 7 5 9 3 8 6 7
G W P  (C 0 2  e q u iv .) (x .1 ) 6 7 .2 2 7 6 5 2 6 4 102 .53 31114
A c id ifica tio n  (kg  S 0 2 )  (x10) 2 6 .2 0 9 6 3 7 0 6 3 1 .2 2 3 8 5 5 8 2
E co to x ic ity  (A q u a tic  m 3) (x1000 ) 39 .97620711 4 3 .3 3 3 0 5 6 4
H um an T o x ic ity  (kg /kg ) (x10) 3 7 .6 3 3 2 5 8 9 2 43 .483 27241
N u trifica tio n  (kg  P 0 4 )  (x100 ) 34 .11156591 41 .65752181
O d o u r (kg  N H 3) (x10) 16 .68547351 17 .215 41107
O zo n e  d e p le tio n  (kg  C F C  11) 16 .881 94407 18 .813 80326
(x 1 00000 )
S u m m e r S m og (kg  e thy lene ) 29 .9677511 3 4 .4 6 6 3 9 8 2 6
(x 1 00)
LPFL1AA-EfSsave+PP60K. Base Case Impact Assessment T o ta l. CML P.O. x
10
Summer Sm og (kg ethytene) 
(X100)
O zone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3) (x10) 
Nutrification (kg P 0 4 ) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S 0 2 )  (x10) 
GWP (C 0 2  equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.)
(x.1)
10 20 30 40 50 60 70 80
■  Total
75
6 .2 .
LPfL 6Base Case5 Impact Profile Characterisation:
A v o i d e d  B u r d e n s  S c e n a r i o :  c o n s i d e r a t i o n  m a d e  o f  t h e  a v o i d e d  b u r d e n s  a s s o c i a t e d  
w i t h  L P f L ’s  r o l e  i n  t h e  d i v e r s i o n  o f  w a s t e  p a p e r  t o  l a n d f i l l )
76
L P fL  ‘Base Case’ Im pact Profile Characterisation: A v o i d e d  B u r d e n s  S c e n a r i o ,  
c o n s i d e r a t i o n  m a d e  o f  t h e  a v o i d e d  b u r d e n s  a s s o c i a t e d  w i t h  L P f L ’s  r o l e  i n  t h e  
d i v e r s i o n  o f  w a s t e  p a p e r  t o  l a n d f i l l )  As per Section 11.4.
1 A V B L P F L 1 A A . B ase  C a se  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x  
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E n e rg y  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ifica tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an  T o x ic ity  (kg /kg ) (x10)
N u trifica tio n  (kg P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 )
S u m m e r S m og (kg  e th y le n e ) (x100 )
5 5 . 7 7 4 4 2 0 4 8
1 2 . 0 1 8 9 3 8 6 7
- 6 0 . 7 8 0 0 5 1 3 9
3 0 . 9 9 1 8 0 3 6 6
4 2 . 4 0 2 1 0 9 1 1
4 0 . 6 0 0 8 8 3 2 6
3 8 . 0 7 8 6 1 9 3 1
- 7 1 . 0 9 1 6 0 5 3 5
1 8 . 8 1 3 8 0 3 2 6
- 2 0 . 5 7 7 5 5 0 3 1
5aAVBLPFL1 AA-EfSsave + P40K. Base Case Impact Assessment Total . CML
P.O. x 10
S u m m e r  S m o g
(x 1 0 G |
kg ethylene)
O z o n e  d e p le t io n  (k g  C F C  1 1 )  
( x 1 0 0 0 0 0 )
Odour (kg NH3)
N u tr if ic a t io n  (k g  P 0 4 )  ( x 1 0 0 )
H u m a n  T o x ic ity  ( k g /k g )  ( x 1 0 )
E c o to x ic ity  (A q u a t ic  m 3 )  
( x 1 0 0 0 )
A c id if ic a t io n  (k g  S 0 2 )  ( x 1 0 )
GWP (C02 equiv.) (x.1)
E n e r g y  ( M J )  ( x . 0 1 )
a b io t ic  d e p le t io n  (O il e q u iv . )  
( x .1 )
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario: In c lu d in g
fin a l stage o f co llec tion  cycle  by sea
H e a d in g N a m e
a b io tic  d e p le tio n  (O il 
eq u iv .) (x .1 )
E ne rgy  (M J) (x .001 ) 
G W P  (C 0 2  e q u iv .) (x .1 ) 
A c id ifica tio n  (kg  S 0 2 )  
(x10 )
E co to x ic ity  (A q u a tic  m 3) 
(x 1 000)
H um an T o x ic ity  (kg /kg ) 
(x10)
N u trifica tio n  (kg  P 0 4 )  
(x100 )
O d o u r (kg  N H 3)
O zo n e  dep le tio n  (kg 
C F C  11) (x1 00000 ) 
S u m m e r S m og (kg 
e th y le n e ) (x100 )
1a A V B L P F L 1 A A + S E A . B ase  C ase  Im pac t A s s e s s m e n t 
T o ta l . C M L P .O . x  10
T o ta l A vo id e d  b u rd e n s  ‘b a s e -ca se ’
re fe rence
5 6 .0 2 4 2 3 3 8 2  5 5 .7 7 4 4 2 0 4 8
11 .975 53282
-6 1 .1 0 6 6 8 7 1 5
3 1 .4 0 1 8 8 7 0 4
4 2 .3 4 5 7 1 5 0 5
41 .145 35881
3 8 .4 9 1 3 1 0 7 3
-7 1 .0 7 1 2 1 1 2 7
18 .447 27264
-2 0 .6 8 7 1 8 6 8 5
12 .018 93867
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .40210911
4 0 .6 0 0 8 8 3 2 6
38 .07861931
-7 1 .0 9 1 6 0 5 3 5
18 .813 80326
-20 .57755031
5alandAVBLPFL1AA-EfSsave+P40K. Base Case Impact Assessment Total.
CML P.O. x 10
Summer Smog (kg ethylene) 
_________(x100)_________
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg N 43) (x.1)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (CO:! equiv.) (x.01)
Energy (MJ) (x.01)
abiotic depletion (Oil equiv.) 
(x.1)
■  Total
-60 -50 -40 -30 -20 -10 10 20 30 40 50
78
Note: Data for Energy for Sludge benefits are held by the author. Due to confidentiality issues 
the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario: In c lu d in g
E n e rg y  fro m  Sludge
2A V B L P F L 1 A A . B ase  C ase  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x  
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x. 1) 51.18511672
E n e rg y  (M J) (x .001 ) 10.55266803
G W P  (C 0 2  e q u iv .) (x .1 ) -68.10774195
A c id ific a tio n  (kg  S 0 2 )  (x10 ) 29.94811579
E co to x ic ity  (A q u a tic  m 3) (x1 0 0 0 ) 41.6914955
H um an  T o x ic ity  (kg /kg ) (x10 ) 39.39022872
N u trifica tio n  (kg  P 0 4 )  (x100 ) 36.45844407
O d o u r (kg  N H 3) -71.09771855
O zo n e  d e p le tio n  (kg  C F C  11) (x1 0 0000 ) 18.33616235
S u m m e r S m og  (kg e th y le n e ) (x100 ) -21.64926015
A v o id e d  b u rd e n s  ‘b a se - 
c a s e ’ re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .0 1 8 9 3 8 6 7
- 6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
4 2 .4 0 2 1 0 9 1 1
4 0 .6 0 0 8 8 3 2 6
3 8 .0 7 8 6 1 9 3 1
- 7 1 .0 9 1 6 0 5 3 5
1 8 .8 1 3 8 0 3 2 6
- 2 0 .5 7 7 5 5 0 3 1
5bAVBLPFL1AA-EfSsave+P60K. Base Case Impact Assessment Total. CML P.O.
x 10
-120 -100 -80 -60
Summer Sm<
(x
g (kg ethylene) 
00}_______
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (C02 equiv.) (x.1)
Energy (MJ) (x.01)
abiotic depletion (Oil equiv.) 
(x.1)
-40 -20 20 40
I Total
60
79
L P f L  ‘ B ase C a s e ’ Im p a c t  P ro f ile  C h a ra c te r is a t io n :  Avoided Burdens Scenario: In c lu d in g  
5 0 %  fossil fu e l re d u c tio n  in  w a s te  c o llec tio n  tra n s p o r ta t io n  in  th e  L P f L  co lle c tio n  cyc le
3 A V B L P F L 1 A A . B ase  C a se  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x 
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E n e rg y  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ific a tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 ) 
S u m m e r S m og (kg e th y le n e ) (x100 )
5 5 .8 1 1 8 4 7 1 2
1 1 .8 8 5 6 2 8 3 5
-6 1 .7 2 0 4 6 4 1
3 1 .1 3 8 6 6 3 6 9
4 2 .1 2 4 8 2 6 6
4 0 .8 1 3 0 9 6 5 5
3 8 .1 0 2 6 7 3 1 8
- 7 1 .0 7 3 5 7 9
1 7 .7 9 5 6 7 7 9 6
-2 1 .6 0 0 1 7 6 5 9
A v o id e d  b u rd e n s  ‘ba se - 
c a s e ’ re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .0 1 8 9 3 8 6 7
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
4 2 .4 0 2 1 0 9 1 1
4 0 .6 0 0 8 8 3 2 6
3 8 .0 7 8 6 1 9 3 1
- 7 1 .0 9 1 6 0 5 3 5
1 8 .8 1 3 8 0 3 2 6
- 2 0 .5 7 7 5 5 0 3 1
5blandAVBLPFL1 AA-EfSsave+P60K. Base Case Impact Assessment Total. CML
P.O. x 10
Summer Smog (kg ethylene) 
________ (x100)_________
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NM3)(x.1)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (CC 2 equiv.) (x.01)
Energy (MJ) (x.1)
-80 -60 -40
abiotic depletion (Oil equiv.) 
(x.1)
 i---------------
-20
■ Total
20 40 60
80
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario: In c lu d in g
E n e rg y  fro m  Sludge and 50%  fossil fu e l re d u c tio n  in  waste co llec tion  tra n s p o rta tio n  in  the
L P fL  co llec tion  cycle
4 A V B L P F L 1 A A . B ase  C a se  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x  
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ific a tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x 1 000)
H um an  T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x 1 0 0000 ) 
S u m m e r S m og (kg  e th y le n e ) (x100 )
5 2 .2 4 1 2 5 1 8 6
10 .840 32298
-6 7 .0 7 4 2 9 5 9
2 9 .6 8 7 5 6 4 4 9
4 1 .4 0 8 4 2 0 6 3
3 9 .0 2 8 6 7 9 1 5
3 6 .0 7 9 0 4 0 1 9
-71 .09924201
16 .942 24924
-2 3 .4 7 3 5 7 3 7
A v o id e d  bu rd e n s  
‘b a s e -c a s e ’ re fe re n ce
55 .7 7 4 4 2 0 4 8
1 2 .018 93867  
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931  
-7 1 .0 9 1 6 0 5 3 5
18 .813 80326  
-20 .5775 5031
6AVBLPFL1AA. Base Case Impact Assessment Total. CML P.O. x 10
Summer Smog (kg ethyl Hie) (xi 00)
Ozone depletion (kg CFC 11) (xi 00000)
-100
Odour (kg NH3)
Nutrification (kg P04) (x100) 
Human Toxicity (kg/kg) (xlO) 
Ecotoxicity (Aquatic m3) (xIOOO) 
Acidification (kg S02) (xlO)
GWP (C02 equiv.) (x1)
Energy (MJ) (x.01) 
abiotic depletion (Oil equiv.) (x1)
-80 -60
—i—
-40
■ Total
-20 20 40 60 80 100 120
81
Note: Data for Energy for Sludge and Waste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  Sludge and E n e rg y  fro m  20,000 tonnes o f  degraded waste paper
per annum
5 A V B L P F L 1 A A . B ase  C a se  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x 
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .01 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ifica tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x 1 00000 ) 
S u m m e r S m og (kg e th y le n e ) (x100 )
4 8 .6 8 1 3 0 8 2 2
9 7 .5 0 9 6 6 4 0 7
■72.09653915
2 9 .3 8 2 0 3 6 2 4
4 1 .3 1 4 2 2 1 0 4
3 8 .7 2 8 7 9 4 1 9
3 5 .6 1 3 6 0 4 0 8
-71 .1044 0232
18.1288341
-2 2 .1378 3944
A v o id e d  b u rd e n s  ‘base - 
c a s e ’ re fe re n ce
5 5 .7 7 4 4 2 0 4 8
12 .0 1 8 9 3 8 6 7
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931
-7 1 .0 9 1 6 0 5 3 5
18 .8 1 3 8 0 3 2 6
-20 .5775 5031
7AVBLPFL1AA. Base Case Impact Assessment Total. CML P.O. x 10
Summer Smcjg (kg etnyiene) 
(x1|Q) 1_____
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3)
(X 1 0 0 0 )
Acidification (kg S02) (x10)
GWP (C02 equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.) ■
(x.1)
i--------------1--------------1--------------1--------------- 1--------------1--------------1--------------1
-80 -60 -40 -20 0 20 40 60 80
■ Total
82
Note: Data for Energy for Sludge and Waste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  S ludge and E n e rg y  fro m  20,000 tonnes o f  degraded waste paper
per annum
5 la n d A V B L P F L 1 A A -E fS s a v e + P 2 0 K
H e a d in g N a m e
B ase  C a se  Im pac t A ss e s s m e n t 
T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .01 )
G W P  (C 0 2  e q u iv .) (x .01 )
A c id ifica tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 ) 
S u m m e r S m og (kg e th y le n e ) (x100 )
4 8 .6 8 1 3 0 8 2 2
79 .0 2 9 6 6 4 0 7
-1 0 .6 5 6 0 7 0 7 8
2 9 .3 3 3 0 6 6
4 1 .1 1 7 7 6 2 1 4
38 .1 2 0 5 2 0 2 2
34 .8 5 8 3 4 4 0 8
-8 6 .4 7 0 2 4 6 1 8
18.1288341
-3 3 .7 5 3 8 2 8 5 8
T o ta l . C M L P .O . x  10 
A vo id e d  b u rd e n s  
‘b a s e -ca se ’ 
re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .018 93867
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931
-7 1 .0 9 1 6 0 5 3 5
1 8 .8 1 3 8 0 3 2 6
-20 .5775 5031
5landAVBLPFL1 AA-EfSsave+P20K . Base Case Impact Assessment Total. CML
P.O. x 10
-100 -80
Summer
(x100)_________
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (002 equiv.) () .01)
Energy (MJ) (x.01)
abiotic depletion (Oil equiv.) 
(x.1)
-60 -40 -20 20
■ Total
40 60 80 100
83
Note: Data for Energy for Sludge and Waste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  S ludge and E n e rg y  fro m  40,000 tonnes o f  degraded waste paper
pe r annum
5 a A V B L P F L 1 A A -E fS s a v e + P 4 0 K . B ase  C a se  Im pac t A ss e s s m e n t T o ta l 
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .01 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ific a tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an  T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x1 0 0000 ) 
S u m m e r S m og  (kg  e th y le n e ) (x100 )
4 1 .9 7 8 8 3 2 2 8
7 6 .0 4 8 8 1 4
-8 2 .7 7 4 1 9 9 7 5
2 7 .8 6 6 6 9 0 8 8
4 0 .3 0 4 2 9 0 3 6
3 6 .9 5 8 1 9 1 9
3 3 .3 5 2 0 4 1 4 6
-7 1 .1 2 2 2 9 4 1 9
17 .5 7 3 8 3 4 5 3
-2 3 .4 4 5 7 2 3 3 7
C M L  P .O . x  10 
A v o id e d  b u rd e n s  
‘b a s e -c a s e ’ 
re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .0 1 8 9 3 8 6 7
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931
-7 1 .0 9 1 6 0 5 3 5
1 8 .813 80326
-20 .5775 5031
5aAVBLPFL1 AA-EfSsave+P40K. Base Case Impact Assessment Total. CML
P.O. x 10
-100 -80
Summer Smog
(xioc
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (C02 equiv.) (x.1)
Energy (MJ) (x.01)
abiotic depletion (Oil equiv.) 
(x.1)
-60 -40 -20 20 40 60 80
■  Total
84
100
Note: Data for Energy for Sludge and W aste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  Sludge and E n e rg y  fro m  40,000 tonnes o f degraded waste paper
pe r annum
5 a la n d A V B L P F L 1 A A -E fS s a v e + P 4 0 K . B ase  C a se  Im pac t A s s e s s m e n t 
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .01 )
G W P  (C 0 2  e q u iv .) (x .01 )
A c id ific a tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3) (x .1 )
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 ) 
S u m m e r S m og  (kg e th y le n e ) (x100 )
4 1 .9 7 8 8 3 2 2 8
3 9 .0 8 8 8 1 4
-1 5 .1 7 0 2 5 3 7
2 7 .7 6 8 7 5 0 4
3 9 .9 1 1 3 7 2 5 6
3 5 .7 4 1 6 4 3 9 7
3 1 .8 4 1 5 2 1 4 6
-1 0 .1 8 5 3 9 8 1 9
1 7 .573 83453
-4 6 .6 7 7 7 0 1 6 7
T o ta l . C M L P .O . x  10 
A vo id e d  b u rd e n s  
‘b a s e -c a s e ’ 
re fe re n ce
5 5 .7 7 4 4 2 0 4 8
12 .0 1 8 9 3 8 6 7
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931
-7 1 .0 9 1 6 0 5 3 5
18 .8 1 3 8 0 3 2 6
-20 .5775 5031
5alandAVBLPFL1 AA-EfSsave+P40K. Base Case Impact Assessment Total.
CML P.O. x 10
-60 -50
" Summer Smog (kg ethylene)
______________(X 1 0 0 1 ______________
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3) (x.1)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (CO: equiv.) (x.01)
Energy (MJ) (x.01)
abiotic depletion (Oil equiv.) 
(x.1)
-40 -30 -20 -10 10 20 30 40 50
■ Total
85
Note: Data for Energy for Sludge and Waste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r isa tio n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  Sludge and E n e rg y  fro m  60,000 tonnes o f  degraded waste paper
p e r annum
5 b A V B L P F L 1 A A -E fS sa ve + P 6 0 K . B ase  C a se  Im pac t A ss e s s m e n t T o ta l 
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .01 )
G W P  ( 0 0 2  e q u iv .) (x .1 )
A c id ifica tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x 1 00000 ) 
S u m m e r S m og (kg  e th y le n e ) (x100 )
3 3 .6 2 3 1 8 7 6 5
4 9 .2 9 4 6 3 5 6 7
-9 6 .0 8 5 5 1 0 1 2
2 5 .9 7 7 5 8 4 9
3 9 .0 4 5 2 5 9 8 2
3 4 .7 5 0 8 6 9 7 8
30 .53266341
-71 .1445991
1 6 .881 94407
-2 5 .0 7 6 1 9 7 4 7
C M L P .O . x  10 
A vo id e d  b u rd e n s  
‘b a s e -c a s e ’ 
re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .018 93867
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
42 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .07861931
-7 1 .0 9 1 6 0 5 3 5
1 8 .813 80326
-20 .5775 5031
5bAVBLPFL1AA-EfSsave+P60K. Base Case Impact Assessment Total. CML P.O.
x 10
■ Total
86
Note: Data for Energy for Sludge and Waste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r is a tio n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  Sludge and E n e rg y  fro m  60,000 tonnes o f  degraded waste paper
pe r annum
5 b la n d A V B L P F L 1 A A -E fS s a v e + P 6 0 K . B ase  C a se  Im pac t A s s e s s m e n t 
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .1 )
G W P  (C 0 2  e q u iv .) (x .01 )
A c id ific a tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an  T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3) (x.1)
O zo n e  d e p le tio n  (kg  C F C  11) (x 1 00000 ) 
S u m m e r S m og (kg e thy lene ) (x100 )
3 3 .6 2 3 1 8 7 6 5
-6 1 .4 5 3 6 4 3 3
-1 9 .9 4 7 8 0 1 6
2 5 .8 3 0 6 7 4 1 8
3 8 .4 5 5 8 8 3 1 2
3 2 .9 2 6 0 4 7 8 7
28 .266 88341
-1 1 .7 2 4 2 1 3 0 7
16 .8 8 1 9 4 4 0 7
-59 .9241 6491
T o ta l . C M L P .O . x  10 
A vo id e d  b u rd e n s  
‘b a s e -c a s e ’ 
re fe re n ce
5 5 .7 7 4 4 2 0 4 8
12 .0 1 8 9 3 8 6 7
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
4 2 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931
-7 1 .0 9 1 6 0 5 3 5
18 .8 1 3 8 0 3 2 6
-20 .5775 5031
5blandAVBLPFL1AA-EfSsave+P60K. Base Case Impact Assessment Total. CML
P.O. x 10
-80
Summer Smog (kg ethylene) 
_________(x100)_________
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)(x.1)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (CC 2 equiv.) (x.01)
Energy (MJ) (x.1)
-60 -40
abiotic depletion (Oil equiv.) 
(x.1)
------------r ■
-20 20 40
■ Total
60
87
L P f L  ‘ B ase C a s e ’ Im p a c t  P ro f ile  C h a ra c te r is a t io n : Avoided Burdens Scenario:
In c lu d in g  E n e rg y  fro m  S lu d ge  a n d  E n e rg y  fro m  2 0 ,0 0 0  tonnes o f  d e g ra d e d  w a s te  p a p e r  
p e r a n n u m  a n d  5 0 %  fossil fu e l re d u c tio n  in  th e  L P f L  w as te  p a p e r c o lle c tio n  cyc le
Note: Data for Energy for Sludge and Waste Paper benefits are held by the author. Due to 
confidentiality issues the data is withheld from publication.
6 A V B L P F L 1 A A . B ase  C a se  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x  
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .01 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ific a tio n  (kg S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg  C F C  11) (x1 00000 ) 
S u m m e r S m og (kg e th y le n e ) (x100 )
4 8 .1 8 8 5 0 0 7 1
9 5 .4 2 5 3 9 8 4 4
- 7 3 .5 3 2 2 5 4 1 6
2 8 .7 7 0 0 8 2 4 4
4 0 .7 9 6 6 8 7 0 5
3 7 .9 5 6 5 0 7 2 3
3 4 .7 0 9 7 7 5 9 7
- 7 1 .1 1 0 0 7 2 4 6
1 6 .6 0 3 1 2 8 9 6
- 2 4 .2 6 9 2 4 7 3 8
A v o id e d  b u rd e n s  ‘b a se - 
c a s e ’ re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .0 1 8 9 3 8 6 7
-6 0 .7 8 0 0 5 1 3 9
3 0 .9 9 1 8 0 3 6 6
4 2 .4 0 2 1 0 9 1 1
4 0 .6 0 0 8 8 3 2 6
3 8 .0 7 8 6 1 9 3 1
- 7 1 .0 9 1 6 0 5 3 5
1 8 .8 1 3 8 0 3 2 6
-2 0 .5 7 7 5 5 0 3 1
6AVBLPFL1AA. Base Case Impact Assessment Total. CML P.O. x 10
Summer Smog (kg ethyl *ne) (x100)
Ozone depletion (kg CFC 11) (x100000)
Nutrification (kg P04) (x100) 
Human Toxicity (kg/kg) (x10) 
Ecotoxicity (Aquatic m3) (x1000) 
Acidification (kg S02) (x10)
GWP (C02 equiv.) (x.1)
Energy (MJ)(x.01) 
abiotic depletion (Oil equiv.) (x.1)
-100 -80 -60 -40 -20
Odour (kg NH3)
. ......
20 40 60 80 100
■  Total
120
88
L P fL  ‘ Base Case’ Im p a c t P ro file  C h a ra c te r isa tio n : Avoided Burdens Scenario:
In c lu d in g  50%  fossil fu e l red u c tio n  in  the  L P fL  waste paper co llec tion  cyc le  and f in a l
waste paper d e liv e ry  cyc le  by sea.
7 A V B L P F L 1 A A . B ase  C ase  Im pac t A s s e s s m e n t T o ta l . C M L P .O . x  
10
H e a d in g N a m e  T o ta l
a b io tic  d e p le tio n  (O il e q u iv .) (x .1 )
E ne rgy  (M J) (x .001 )
G W P  (C 0 2  e q u iv .) (x .1 )
A c id ifica tio n  (kg  S 0 2 )  (x10)
E co to x ic ity  (A q u a tic  m 3) (x1000 )
H um an T o x ic ity  (kg /kg ) (x10) 
N u trifica tio n  (kg  P 0 4 )  (x100 )
O d o u r (kg  N H 3)
O zo n e  d e p le tio n  (kg C F C  11) (x1 00000 ) 
S u m m e r S m og  (kg e thy lene ) (x100 )
55 .8 1 1 8 4 7 1 2
11 .885 62835
-61 .7204641
31 .1 3 8 6 6 3 6 9
4 2 .1 2 4 8 2 6 6
4 0 .8 1 3 0 9 6 5 5
3 8 .1 0 2 6 7 3 1 8
-7 1 .0 7 3 5 7 9
17 .795 67796
-21 .6001 7659
A v o id e d  b u rd e n s  ‘ba se - 
c a s e ’ re fe re n ce
5 5 .7 7 4 4 2 0 4 8
1 2 .018 93867
-6 0 .7 8 0 0 5 1 3 9
30 .9 9 1 8 0 3 6 6
4 2 .402 10911
4 0 .6 0 0 8 8 3 2 6
38 .078 61931
-7 1 .0 9 1 6 0 5 3 5
18 .8 1 3 8 0 3 2 6
-20 .5775 5031
7AVBLPFL1AA. Base Case Impact Assessment Total. CML P.O. x 10
Summer
(xiBE
Ozone depletion (kg CFC 11) 
(x100000)
Odour (kg NH3)
Nutrification (kg P04) (x100)
Human Toxicity (kg/kg) (x10)
Ecotoxicity (Aquatic m3) 
(x1000)
Acidification (kg S02) (x10)
GWP (C02 equiv.) (x.1)
Energy (MJ) (x.001)
abiotic depletion (Oil equiv.) 
(x.1)
-80 -60 -40 -20 20 40 60
■  Total
80
89
Inventory o f  Im pacts fo r  the LPfL 6Base Case9
6 3 .
A B c D E F
1
2 FullName Flow Name Unit Element Type Total
3 Input 100% recycled graphics paper in kg I 1 1000.00000
An Input cardboard (packaging) in ky ! ! o o  .iZuuu
5 Input chemicals inorganic in kg 1 25.53440
6 Input chemicals ornanic in kg I 62 31040
7 Input diesel UK in kg 1 2.00000
8 Input kg kg 1 1.04000
9 Input Gas, natural, delivered UK in kg 1 211.98475
10 Input Limestone (CaC03) in kg 1 420.00000
11 Input Pallets - wooden in kg 1 48.80000
12 Input paper in kg 1 20.64000
A O 1 \J Input puipLrFLI .AA in kg i AT AAAow.vuwu
14 Input sodium chloride (produced) in kg 1 5.00000
15 Innut Starch in kg 1 109 00000
16 Input waste (unspecified) to landfill in kg 1 6.14000
17 Input waste, unspecified, inert to landfill in kg 1 6.14000
18 Input Heat - Content (Gas) in MJ 1 10652.50000
19 Input freighter, transoceanic tonne.km 1 7.46214
20 Input truck, 17, 25t, Rigid, AvRoad, t.km tonne, km 1 381.14104
21 Input truck, 17, 25t, Rigid, highway, t.km tonne.km 1 0.05000
nn Input minor constituents (unspecified) kg E 46.57433
23 Input processed water kg E 9.51113
24 Input waste materials kg E 1042 50738
25 Input Road transport (rural) km E 18.41362
26 Input Road transport (unspecified) km E 26.21919
27 Input Road transport (urban) km E 21.73758
28 Input Electricity (Hydro) MJ E 34.76779
29 Input Electricity (Nuclear) MJ E 57.88865
30 Input air used (unspecified) kg N 5298.9025904 0 1 Input barite ky N A AA4U.O^OJI
32 Input bauxite kg N 0.08058
33 Innut hentnnite kg N 010510
34 Input Biotic reserves kg N 155.94846
35 Input chromium reserves kg N 0.00220
36 Input coal reserves (unspecified) kg N 13.19545
37 Input cobalt reserves kg N 0.00000
3b Input copper reserves kg N 0.02652
39 Input fresh water kg N 13350.23000
40 Input gas reserves ky N AA A4OOO.I 9 19 1
41 Input hard coal reserves kg N 24.98543
42 Innut iron reserves kg N 4 31619
43 Input lead reserves kg N 0.00157
44 Input lignite reserves kg N 23.45141
45 Input limestone kg N -227.99316
46 Input manganese reserves kg N 0.00080
47 Input mineral reserves (unspecified) ±g N 255.56668
48 Input molybdenum reserves kg N 0.00000AC\ Input nickel reserves kg N 0.00127
50 Input 02 Jkg N 135.00770
51 Innut oil reserves kg N 54 59737
52 Input other inputs kg N 21.52275
53 Input palladium reserves kg N 0.00000
54 Input platinum reserves kg N 0.00000
55 Input reserves (unspecified) kg N 41.77735
56 Input rhenium reserves kg N 0.00000
57 Input rhodium reserves kg N 0.00000CO00 Input sand/gravel *y 1 N 11.87136
G H I J K L M N
1 100% recycled waste, unspecified chemicals chemicals deisel sodium chloride limestone Starch
2 papermaking inert to landfill inorganic organic UK (produced) (CaC03)
3
4 1 S.36000
5 12.76720
6 31 15520
7 1.00000
8 0.52000
9
10 210.00000
11 24.40000
12 10.32000
13 oSD.uvuuu
14 2.50000
15 54 50000
16 6.14000
17
10652.5000018
19
20
21
OO4.2. 0.02100 36.05213
23 2.06713 7.01717
24
25
26
27
28 8.32435 24.64209
29 13.86485 41.03388
30 5.48829 39.70903
31 AAAU.UU5J OV 0.03384 0.00522 r\ AAAi;.uuu^
32 0.00154 0.02580 0.00030 0.00019 0.00043 0.00390
33 0 00116 0 01333 0 00041 0 00004
34 0.22812 64.49328
35 0.00005 0.00068 0.00001 0.00000
2.22433 10.5679136
37 0.00000 0.00000 0.00000
38 0.00074 0.00908 0.00008 0.00002
39 7850.00000
40 0.12527 1.66215 0.04176 A AA J Ai AAAv.oo ow 3.27062
41 0.35513 9.22275 0.04245 0.04061
42 0 02082 014131 0 00806 0 00162 0 00007 0 00073
43 0.00005 0.00063 0.00001 0.00001
44 0.44773
0.03960
12.09853
0.40345
0.00001
0.01666
0.01410
0.00273 0.00007 0.0007345
46 0.00001 0.00012 0.00001 0.00000
4 ( 238.09800 17.46863
48 0.00000 0.00000 0.00000 0.00000
49 A AAAu.uuuuo A AA SAU.UUV^O AAAu.vvuvu A AAAU.UUUW
50 52.58030 0.52192 0.27145
51 1 17203 7 76917 1 10020 0 03500 0 54991 5 39964
52 0.00000 0.00000 0.00000 1.87648 8.89261
53 0.00000
0.00000
0.00000
0.00000
0.000000.00000 0.000000.0000054
55 31.15520
bb 0.00000 0.00000 0.00000 0.00000
57 0.00000 0.00000 0.00000 0.00000
CO\JKJ
0 P Q R s T
1 Transport of Transport of Transport of Transport of Transport of Transport of
2 chemicals organic chemicals inorganic Limestone (CaC03) Starch sodium chloride (produced) diesel UK
3
AT
5 12.76720
6 31 15520
7 1.00000
8
9
10 210.00000
11
12
a n1 \J
14 2.50000
15 54 50000
16
17
18
19 0.74772 0.30641 5.04000 1.30800 0.06000
20 18.13233 7.43051 122.22000 31.71900 1.45500
21 0.05000
nn
23
24
25
26
27
28
29
30
04 O 1
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
Anncr
50
51
52
53
54
55
56
57
COsJU
u V w X Y
1 Transport of Gas, natural HEAT Transport of Transport of
2 waste, unspecified, inert to Ian delivered UK natural gas Waste, unspecified, inert to Ian chemicals organic
3
A*T
5
6
7
8
211.984759
10
11
12
13
14
15
16
17 6.14000
18
19
20 0.18420
21
OO4.4. AAAu.UuuUU
23
24 0 00000
25 0.00614
26 0.00295
0.0031927
28
29
30 4019.82740 0.00960
04 \J 1 0.43327 A AA/U.WUV 1 AAA4U.UVASU 1
32 0.00398 0.00000 0.00000
33 0 04659 0 00000 0 00000
34
35 0.00019 0.00000
0.00000
0.00000
36
37 0.00000 0.00000 0.00000
38 0.00183 0.00000 0.00000
39
Ar\tu AA A AA440.0U/0f AAJ4u.wui4 0.00008
41 2.90683 0.00026 0.00015
42 1 91116 0 00008 0 00013
43 0.00006 0.00000 0.00000
44 0.00452 
1.52528
0.00001
0.00014
0.00007
0.0000745
46 0.00010 0.00000 0.00000
47 0.00000
48 0.00000 0.00000 0.00000
43 f\ AAAU.UUUU9 A AAAv.vuvuu AAAU.UUVAAS
50 47.43208 0.00197 0.00698
51 812258 0 00317 0 00192
52 0.00000 0.00192 0.00000
53 0.000000.00000 0.000000.00000 0.000000.0000054
55 0.00001
58 0.00000 0.00000 0.00000
57 0.00000 0.00000 0.00000
CO C.0G220
z AA AB AC AD AE
1 Transport of Transport of Transport of Transport of Transport of Transport of
2 chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03) Starch
3
4
5
6
7
8
9
10
11
12
a n1 sJ
14
15
16
17
18
19
20
21
22 AAAu.uuuuu u.vuuuu u.v/wv/u
23
24 0 00018 0 00007 0 00122
25 0.60441 0.24768 4.07400
26 0.29012 0.11889 1.95552
27 0.31429 0.12880 2.11848
28
29
30 0.94474 0.38715 6.36797
O A 
kJ  1 0.00142 AAAU.VSIA/UU 0.C0058 AAAu.vuuuo AAAU.W57UO 0.CCGG2
32 0.00010 0.00000 0.00004 0.00000 0.00068 0.00000
33 0 00015 0 00000 0 00006 0 00001 0 00103 0 00000
34
35 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
36 0.00000 0.00000 0.00003
37 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
3b 0.00004 0.00000 0.00002 0.00000 0.00029 0.00000
39
40 0.0136o C.0G0C3 0.00561 0.00052 AAA AA44u.Uuv in
41 0.02577 0.00006 0.01056 0.00100 0.17372 0.00026
42 000741 0 00005 0 00304 0 00085 0 04997 0 00022
43 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
44 0.00132 0.00003 0.00054 0.00046 0.00891 0.00012
45 0.01337 0.00003 0.00548 0.00051 0.09015 0.00013
46 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
47 0.00000 0.00000 0.00000
48 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
ACino 0.00000 0.CCG0C 0.00000 AAAu.uuv/v/u /% AA JV.WW 1 0.06000
50 0.19410 0.00286 0.07954 0.04704 1.30830 0.01221
51 031239 0 00079 012801 0 01295 210564 0 00336
52 0.18944 0.00000 0.07763 0.00000 1.27690 0.00000
53 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
54 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
55 0.00109 0.00045 0.00733
56 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
57 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
CO 0.21621 AAAu.uooou 1.45733
AF AG AH Al AJ
1 Transport of Transport of Transport of Transport of Transport of
2 Starch sodium chloride (produced) sodium chloride (produced) of diesel UK 100% recycled graphics paper
3 1000.00000
A“T
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20 200.00000
21
AAAAAAU.UUUUU AAAAAAv.uuuuv
23
24 0 00032 0 00001 0 00000
25 1.05730 0.04850
26 0.50750 0.02328 0.00333
27 0.54980 0.02522
28
29
30 1.65264 0.07581 0.00267
04 0 1 f \  AAA 4 /AU.UU4LH9 AAAAAAu.uuuuv 0.00011 AAAAAAU.UUUUU
32 0.00018 0.00000 0.00001 0.00000
33 0 00027 0 00000 0 00001 0 00000
34
35 0.00001 0.00000 0.00000 0.00000
36 0.00001 0.00000 0.00000
37 0.00000 0.00000 0.00000 0.00000
3b 0.00008 0.00000 0.00000 0.00000
39
40 0.02333 r \ AAAAaU.UUUU 1 0.00110 0.00004
41 0.04508 0.00001 0.00207 0.00007
42 0 01297 0 00001 0 00059 0 00002
43 0.00000 0.00000 0.00000 0.00000
44 0.00231 0.00001 0.00011 0.00000
45 0.02340 0.00001 0.00107 0.00004
46 0.00000 0.00000 0.00000 0.00000
47 0.00000 0.00000 0.00000
48 0.00000 0.00000 0.00000 0.00000
AC\nc; AAAAAAu.uuuuu 0.00000 AAAAAAu.uuwv AAAAAAu.uuuuu
50 0.33953 0.00056 0.01557 0.00055
51 0 54646 0 00015 0 02507 000088
52 0.33139 0.00000 0.01520 0.00052
53 0.00000 0.00000 0.00000 0.00000
54 0.00000 0.00000 0.00000 0.00000
55 0.00190 0.00009 0.00000
56 0.00000 0.00000 0.00000 0.00000
57 0.00000 0.00000 0.00000 0.00000
CO00 0.37821 I 0.01735 AAAAAA 0.00000
AK AL AM AN AO AP
O<
1 Cardboard Film, Pallets Transport of Transport of Transport of
2 (packaging) UPVC paper wooden Pallets - wooden paper PACKAGING Film, UPVC
3
A
5
6
7
8
9
0.52000
10
11 24.40000
12 10.32000
13
14
15
16
17 ‘
18
19
20
21
nn4.4. 10.50114
23 0.42683
24
25
26
27
28 1.80135
29 2.98992
30 23.25697
31 0.01416 0.01040
32 0.01608 0.00010 0.00456 0.00038
33 0 00383 0 00197
34 91.22706
35 0.00042 0.00012
0.4030336
37 0.00000 0.00000
38 0.00539 0.00168
39
40 0.30735 0.23640 0.67314 0.10517
41 1.77969 0.19240 1.52153
42 0 70671 0 00062 0 05760 0 00016
43 0.00021 0.00010
44 1.71465
0.95766 0.00822
1.12642
0.19527 0.0001645
46 0.00028 0.00006
4 / 0.00003
48 0.00000 0.00000
43 0.00016 0.00006
50 -22.84232 4.15506
51 2 59985 0 27040 1 90456 1 14990
52 0.00000 0.00000 0.35253
53
54
0.00000
0.00000
0.00000
0.00000
55
56 0.00000 0.00000
57 0.00000 0.00000
CO\JU 0.0CC52 _______
AR AS AT
1 Transport of Transport of manufactured
2 cardboard (packaging) 100% recycled graphics paper pulpLPFLIAA
3
A*t 13.36000
5
6
7
8
9
10
11
12
A O 1 \J
14
15
16
17
18
19
20
21
oo AAAu.uuuuu AAAu.vuuuu
23
24 0 00200 1042 50356
25 6.66667 5.70892
26 3.20000
3.46667
20.11760
15.1311427
28
29
30 10.42050 1190.75982
04 O 1 0.01568 AAroA
32 0.00111 0.02120
33 0 00168 0 03454
34
35 0.00003
0.00005
0.00066
0.0000936
37 0.00000 0.00000
38 0.00048 0.00677
39 5500.23000
40 0.15087 67.70143
41 0.28427 8.38074
42 0 08178 1 81519
43 0.00003 0.00044
44 0.01457
0.14752
8.01700 
-231.4249045
46 0.00002 0.00019
47 0.00000 0.00001
48 0.00000 0.00000
43 A AAAU.UOuuZ 0.00042
50 2.14089 48.73912
51 3 44565 17 93767
52 2.08951 6.41861
53 0.00000
0.00000
0.00000
0.0000054
55 0.01200 10.59928
56 0.00000 0.00000
57 0.00000 0.00000
COsJV 2.38477 7.32553
A B c D E F
59 Input silver reserves kg l N 0.00013
60
61 FullName Flow Name Unit Element Type Total
62 Input SOdiUm chloride kg i N 12.21103
63 Input tin reserves kg N 0.00007
64 Innut uranium reserves kG N 0 00166
65 Input water (unspecified) kg N 8329.62123
66 Input wood kg N 0.28126
67 Input zeolite kg N 0.00146
68 Input zinc reserves kg N 0.00008
69 Input biotic products used (dry weight) kg (ex.) N 45.52363
70 Input land transformation ll-lll m2a N 19.94238
"74 / 1 input land transformation ii—IV m2a N A 4ATA4 1
72 Input land transformation lll-IV m2a N 2.31334
73 Innut land use (unspecified) m?a N 0 4522?
74 Input land use IV-IV m2a N 0.02444
75 Input process energy (biofuel) MJ N 293.88192
76 Input process energy (hard coal) MJ N 733.79188
77 Input process energy (hydro power) MJ N 99.51700
78 Input process energy (lignite) MJ N 260.07353
79 Input process energy (natural gas) MJ N 15172.04108
80 Input process energy (nuclear) MJ N 647.34018
81 Input process energy (oil) MJ N 2262.17603
82 Innut process energy (unspecified) MJ N 1406 03405
83 Input extracted energy (biofuel) MJ (ex.) N 729.75358
84 Input extracted energy (hard coal) MJ (ex.) N 733.79777
85 Input extracted energy (hydro power) MJ (ex.) N 102.35424
86 Input extracted energy (lignite) MJ (ex.) N 260.07353
87 Input extracted energy (natural gas) MJ (ex.) N 16234.76371
88 Input extracted energy (nuclear) MJ (ex.) N 647.94018
83 Input extracted energy (oil) MJ (ex.) i N 2128.34472
90 Input extracted energy (unspecified) MJ (ex.) I N 1908.83295
91 Outnut 100% recycled graphics paper kg O 1 2000 00000
92 Output cardboard (packaging) kg O 1 38.72000
93 Output chemicals inorganic kg o 1 25.53440
94 Output chemicals organic kg 0 1 62.31040
95 Output diesel UK kg o 1 2.00000
96 Output Film, UPVC kg o 1 0.52000
97 Output Limestone (CaC03) kg o 1 420.00000noc/0 Output natural gas delivered UK kg G i 211.38475
99 Output Pallets - wooden |kg O 1 48.80000
100 Outnut paper kci o 1 20 64000
101 Output pulpLPFLI kg 0 1 695.00000
102 Output sodium chloride (produced) kg 0 1 5.00000
103 Output Starch kg o 1 109.00000
104 Output UPVC Film kg o 1 0.52000
10b Output waste, unspecified, inert to landfill kg o 1 12.28000
106 Output Heat - Content (Gas) MJ 0 1 10652.500004 r\~7 1 0/ Output 17-25 Rigid-AvRoad tonne.km G i 381.14104
108 Output 17-25 Rigid-highway tonne, km o 1 0.05000
109 Outnut transport, freighter, traosoceaoic tonne km o 1 7 46214
110 Output mass discrepancy kg 0 E 165.27217
111 Output open loop outputs (unspecified) kg 0 E 81.26920
112 Output process waste kg 0 E 0.08160
113 Output solid waste (inert) kg 0 E 23.16089
114 Output solid waste (unspecified) kg o E 20.74714
115 Output special waste kg o E 0.001874 4 0 1 10 Output Recoverable energy MJ L? .. ........ E 0.11253
G H I J K L M N
59 0.00001 0.00001 0.00000 0.00000
60 100% recycled waste, unspecified chemicals chemicals deisel sodium chloride limestone Starch
61 papermaking inert to landfill inorganic organic UK (produced) (CaC03)
62 0.00132 0.00844 0.00057 2.5GC55 0.00017 C.00157
63 0.00000 0.00000 0.00000 0.00000
64 0 00003 0 00082 0 00000 0 00000
65 398.57157 1754.74493 9.15284 7.85060 226.58118 1884.59529
66 0.00988
0.00014
0.16668
0.00016
0.00129
0.00003
0.00067
0.0000067
68 0.00000 0.00000 0.00000 0.00000
69 0.13334 0.00054
70 0.24715 3.03532 0.08598 0.00728
*7 A 
1 1 f \  AAAAA 0.11001 0.01135 0.00154
72 0.00936 0.03766 0.00491 0.00223
73
74 0.00497 0.00022 0.00003 0.00005
75 0.18281
6.39227
2.66689
275.76018
0.02060 
1.26939
0.01076
1.2142676
77 52.96384 0.02234 0.06300
78 3.58183 136.47142 0.00007 0.15906
79 7.14566 89.93870 2.25988 1.26651
80 27.34734 234.45402 0.27853 0.34458
81 49.92844 38.06075 49.50901 1.57500
82 119 90648 751 11152
83 0.18281 2.66689 0.02060 0.01076
84 6.39227
0.93456
275.76018
52.96384
1.26939 
0.02234
1.21426
0.0630085
86 3.58183 136.47142 0.00007 0.15906
87 7.14566 89.93870 2.25988 1.26651
88 27.34734 294.45402 0.27859 0.34458
83 49.32844 343.61274 43.50301 1.57500
90 121.07437 766.85097
91 1000 00000
92
93 12.76720
31.1552094
95 1.00000
96
97 210.00000
no
99
100
101
102 2.50000
54.50000103
104
105 6.14000
106
A n~71 u /
108
109
110 52.00000 -0.01474 0.01502 -0.01536 0.03224 -0.00010 0.00525
111
0.01381
3.18473 77.49982
112
113
114 0.00024 14.86103
115
A AC 1 1 W
0 P Q R s T
59
60 Transport of Transport of Transport of Transport of Transport of Transport of
61 chemicals organic chemicals inorganic Limestone (CaC03) Starch sodium chloride (produced) diesel UK
62
63
64
65
66
67
68
69
70
“7-1 1 1
72
73
74
75
76
77
/b
79
onoo
81
82
83
84
85
86
87
88
on
90
91
92
93
94 31.15520
12.76720
95 1.00000
96
97 210.00000
38
99
100
101
102
103 54.50000
2.50000
104
105
106
a n"7 1 KJt
108
109
110
111
112
113
114
115
116
U V W X Y
59 0.00002 0 . 0 0 0 0 0 0 . 0 0 0 0 0
60 Transport of Gas, natural HEAT Transport of Transport of
61 waste, unspecified, inert to Ian delivered UK natural gas Waste, unspecified, inert to Ian chemicals organic
62 0.00507 A AAAu . u u u u u AAAU .U U U V /V
63 0.00001 0 . 0 0 0 0 0 0.00000
64 0 00003 0 00000 0 00000
65 313.10658 0.03804 0.03611
66
0.00005 0 . 0 0 0 0 0 0 . 0 0 0 0 067
68 0.00001 0 . 0 0 0 0 0 0 . 0 0 0 0 0
69 0.04600 0.00001 0 . 0 0 0 0 0
70 9.39140 0.00025 0.00016
71 0.89138 0.00003 0.00002
72 1.53151 0.00001 0.00001
73 0 00008
74 0.00028 0 . 0 0 0 0 0 0 . 0 0 0 0 0
75 0.73607
86.91430
0.00011
0.00783
0.00006
0.0044576
77 0.85622 0.00018 0.00030
/ b 0.05098 0.00015 0.00077
79 883.24504 10652.50000 0.00725 0.00421
on
u u 10.33047 A A/AU .U U  1 OKJ 0.00166
81 365.51618 0.14277 0.08647
82 0 00006
83 0.73607 0.00011 0.00006
84 86.91430
0.85622
0.00783
0.00018
0.00445
0.0003085
86 0.05098 0.00015 0.00077
67 12353.73965 0.00730 0.00421
88 10.99047 0.00180 0.00166
onUCI 365.51618 0.14277 0.03647
90 0.00025
91
92
93
94
95
96
97
noZfKJ 211.38475
99
100
101
102
103
104
105 6.14000
106 10652.50000
107 0.18420
108
109 0 74772
110 14.86894 -0.00002 0.00004
111 0.00006
0 . 0 0 0 0 0112
113 0.00428
114 0.39414 0.00007
115 0 . 0 0 0 0 0
116 ........... ...................................
u V w X Y
175 0.00001 0.00000 0.00000
1 /6
177 0.00003 0.00000 0.00000
178 Transport of Gas, natural HEAT Transport of Transport of
179 waste, unspecified, inert to Ian delivered OK natural gas Waste, unspecified, inert to Ian chemicals organic
180 0 00001 0 00000 0 00000
181 0.00000 0.00000 0.00000
182
183
184 0.00000
185 0.00467 0.00000 0.00000
186 0.01813 0.00000 0.00000A 0-7 1 K J I AAAAAAu.uuuuu A AAAAAu.uuwv A AAAAAU.UVIA/U
188 0.00006 0.00000 0.00000
189 0 00002 0 00000 0 00000
190 0.00001 0.00000 0.00000
191 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000192
193 0.00300 0.00000 0.00000
194 0.00005 0.00000 0.00000
195 0.00148 0.00000 0.00000
1S6 0.00016 C.GCCCC C.GGGGG
197 0.00001 0.00000 0.00000
198 0 00000 0 00000 0 00000
199 0.00001 0.00000 0.00000
200 0.00004
0.00045
0.00000
0.00000
0.00000
0.00000201
202 0.00000 0.00000 0.00000
203 0.00001 0.00000 0.00000
204 0.00000 0.00000 0.00000
205 C.GCOGC
206 0.00000
207 0 00070 0 00000 000000
208 0.00040 0.00000 0.00000
209 0.00014
0.00000
0.00000
0.00000
0.00000
0.00000210
211 0.00030 0.00000 0.00000
212 0.00007 0.00000 0.00000
213 0.00000 0.00000 0.00000
O A A Z. I*t
215 0.00000 0.00000 0.00000
216 0 00000 0 00000 0 00000
217 0.00001 0.00000 0.00000
218 0.00004
0.00000
0.00000
0.00000
0.00000
0.00000219
220 0.00001 0.00000 0.00000
221 0.00351 0.00000 0.00000
222 0.00000 0.00000 0.00000
ooo u.wuuu
224 0.00000
225 0 66709 0 00001 0 00001
226 0.00000 0.00000 0.00000
227 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000228
229 0.00003 0.00000 0.00000
230 0.00448 0.00000 0.00000
231 0.00002 0.00000 0.00000
oo o 0.00001
.
u.uuuuv G.GCGOO
Z AA AB AC AD AE
59 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
60 Transport of Transport of Transport of Transport of Transport of Transport of
61 chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03) Starch
62 0.00017 AAAU.QOUvU 0.00007 AAA*U.IAAAS 1 A A* A 4U.VA/I 0.00000
63 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
64 0 00000 0 00000 0 00000 0 00000 000000 0 00000
65 3.74473 0.01480 1.53457 0.24343 25.24115 0.06318
66
0.00001 0.00000 0.00000 0.00000 0.00006 0.0000067
68 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
69 0.00070 0.00000 0.00029 0.00002 0.00472 0.00001
70 0.02429 0.00007 0.00995 0.00108 0.16373 0.00028
71 0.00314 AAAAU.VASUU 1 0.00123 A AA*AO .U V V  1 o 0.02115 0.00003
72 0.00138 0.00000 0.00056 0.00006 0.00929 0.00001
73 00082* 0 00338 0 05552
74 0.00001 0.00000 0.00000 0.00000 0.00006 0.00000
75
76
0.01121
0.77059
0.00002
0.00182
0.00460
0.31578
0.00040
0.03001
0.07558
5.19415
0.00010
0.00779
77 0.01785 0.00012 0.00731 0.00203 0.12029 0.00053
78 0.01490 0.00031 0.00611 0.00518 0.10046 0.00134
79 0.71349 0.00172 0.29238 0.02837 4.80925 0.00736
80 A A TAAU. 1 / OOU 0.00068 0.07248 0.01120 1.13210 A AA* 1
81 14.05426 0.03544 5.75935 0.58288 94.73201 0.15127
82 0 00577 0 00237 0 03891
83 0.01121 0.00002 0.00460 0.00040 0.07558 0.00010
84 0.77060
0.01785
0.00182
0.00012
0.31579
0.00731
0.03001
0.00203
5.19418
0.12029
0.00779
0.0005385
86 0.01490 0.00031 0.00611 0.00518 0.10046 0.00134
8/ 0.71866 0.00172 0.29450 0.02837 4.84407 0.00736
88 0.17686 0.00068 0.07248 0.01120 1.19210 0.00291
83 14.05426 0.03544 5.75335 0.58288 34.73201 0.15127
90 0.02486 0.01019 0.16760
91
92
93
94
95
96
97
38
99
100
101
102
103
104
105
106
a  rr7  10/ 18.13233 7.43051 122.22000
108
109 0 30641 5 04000 1 30800
110 -0.00227 0.00002 -0.00093 0.00026 -0.01533 0.00007
111 0.00610
0.00005
0.00250
0.00002
0.04115
0.00030112
113 0.42171 0.17281 2.84249
114 0.00729 0.00299 0.04917
115 0.00000 0.00000 0.00000
116
AF AG AH Al AJ
59 0.00000 0.00000 0.00000 0.00000
60 Transport of Transport of Transport of Transport of Transport of
61 Starch sodium chloride (produced) sodium chloride (produced) of diesel UK 100% recycled graphics paper
62 AAAu.uuuou 0.00000 AAA/u.UUw i 0.GGCGC
63 0.00000 0.00000 0.00000 0.00000
64 0 00000 0 00000 0 00000 0 00000
65 6.55068 0.00290 0.30049 0.01051
66
67 0.00001 0.00000 0.00000 0.00000
68 0.00000 0.00000 0.00000 0.00000
69 0.00123 0.00000 0.00006 0.00000
70 0.04249 0.00001 0.00195 0.00007
~7A  / 1 0.00543 G.GGCGC AAAu . v a a ; ^ AAA/V / .U U U U  1
72 0.00241 0.00000 0.00011 0.00000
73 0 01441 0 00066 0 00002
74 0.00002 0.00000 0.00000 0.00000
75 0.01962 0.00000 0.00090 0.00003
76 1.34801 0.00036 0.06184 0.00215
77 0.03122 0.00002 0.00143 0.00005
78 0.02607 0.00006 0.00120 0.00004
79 1.24811 0.00034 0.05725 0.00201
80 AAAU . 0 U 9 0 0 0.00013 0.01413 A AA 4A
81 24.58521 0.00694 1.12776 0.03973
82 0 01010 0 00046 0 00002
83 0.01962 0.00000 0.00090 0.00003
84 1.34801 0.00036 0.06184 0.00215
85 0.03122 0.00002 0.00143 0.00005
86 0.02607 0.00006 0.00120 0.00004
87 1.25715 0.00034 0.05767 0.00203
88 0.30938 0.00013 0.01419 0.00049
89 24.58521 A AA 4u.uuow 1.12776 0.03373
90 0.04350 0.00200 0.00007
91 1000 00000
92
93
94
95
96
97
38
99
100
101
102
103
104
105
106
107 31.71300
108 0.05000
109 0 06000
110 -0.00398 0.00000 -0.00018 -0.00001
111 0.01068 0.00049 0.00002
112 0.00008 0.00000 0.00000
113 0.73769 0.03384 0.00116
114 0.01276 0.00059 0.00002
115 0.00000 0.00000 0.00000
A AC 
1 1 VJ
AK AL AM AN AO AP AQ
59 0.00002 0.00001
6U Cardboard Film, Pallets Transport of Transport of Transport of
61 (packaging) UPVC paper wooden Pallets - wooden paper PACKAGING Film, UPVC
an 0.15331 0.36330 0.03334 0.00017
63 0.00001 0.00000
64 0 00012 000008
65 1186.94809 11.08146 350.84490 0.90606
66
67 0.00010 0.00013
68 0.00004 0.00001
69 37.24264 7.97808
70 0.64480 0.40569
“7 4 / 1 0.74533 0.17518
72 0.13386 0.02773
73
74 0.00456 0.00397
75 285.90849
76 53.21276 5.31024 45.49373
77 8.18928 0.47996 4.95360
78 19.34129 12.70599
79 49.09665 7.88580 36.74830
on\JKJ 42.63284 5.12616 27.45058
81 116.99345 3.57500 85.70502
82 010972 534 67153
83 595.88223 0.00000 127.64931
84 53.21276 5.31596 45.49373
85 8.18928 0.47996 4.95360
86 19.34129 0.00000 12.70599
67 49.09665 15.76848 36.74830
88 42.83284 5.12616 27.45058
on 116.33345 12.37652 Ar *»Ar a
90 0.10972 1019.84654
91
92 19.36000
93
94
95
96 0.52000
97
38
99 24.40000 24.40000
100 10 32000 10 32000
101
102
103
104 0.52000
105
106A nm71 u/
108
109
110 -4.93889 -0.74134 -6.37756 -0.00001
111 0.02737 0.30897
112
113 0.00707
114 0.01071
115 0.00187
116
AR AS AT
59 0.00001 0.00005
60 Transport of Transport of manufactured
61 cardboard (packaging) 100% recycled graphics paper pulpLPFL1_AA
62 0.00187 3.13846
63 0.00001 0.00003
64 0 00001 0 00056
65 41.30445 2106.15272
66 0.10274
67 0.00009 0.00067
68 0.00000 0.00002
69 0.00773 0.10825
70 0.26792 5.61250
“7-1 / 1 0.03462 0.44401
72 0.01520 0.53701
73 0 09085 0 27907
74 0.00010 0.01019
75 0.12368 4.11998
76 8.49968 241.98030
77 0.19684 31.61058
/8 0.16440 87.44187
79 7.86982 3426.91296
on00 1.35075 235.38037
81 155.01884 1254.99026
82 0 06367 011344
83 0.12368 2.36858
84 8.49972 241.98039
85 0.19684 33.51327
86 0.16440 87.44187
87 7.92680 3663.64971
88 1.95075 235.38097
83 155.01884 SOI .40543
90 0.27425 0.48864
91
92 19.36000
93
94
95
96
97
no00
99
100
101 695.00000
102
103
104
105
106
a r\m7 1 0/ AA AAAZUU.UUUUU
108
109
110 -0.02509 110.48616
111 0.06734 0.11998
112 0.00050 0.06684
113 4.65144 14.28839
114 0.08046 5.32766
115 0.00000 0.00000
A AC 1 1 0 0.11253
A B c D E F
117 Output landfill volume (dm3) dm3 o N 54.61514
118 Output radioactive (air) kBq o N 139956.16253
119
120 FullName Flow Name Unit Element Type Total
121 Output radioactive (water) kBq O N 1396.90238
122 Output acetalriehvde kn O N 0 00009
123 Output acetic acid kg O N 0.00036
124 Output acetone kg O N 0.00009
125 Output acid (unspecified) (waterborne) kg O N 0.00047
126 Output acrolein kg O N 0.00000
127 Output Ag (waterborne) |kg O N 0.00000
128 Output air (unspecified) kg O N 4804.47085
129 Output Al ky o N 0.00143
130 Output Al (waterborne) kg 0 N 0.04006
131 Output aldehydes (unspecified) kg o N 0 OOOOO
132 Output alkanes (unspecified) kg o N 0.00132
133 Output alkanes (unspecified) (waterborne) kg 0 N 0.00085
134 Output alkenes (unspecified) kg 0 N 0.00015
135 Output alkenes (unspecified) (waterborne) kg 0 N 0.00008
136 Output animal/vegetable oil kg o N 0.00075
137 Output aromatics (unspecified) kg o N 0.00005
A OO 1 \JO Output aromatics (unspecified) (waterborne) ky o N A AA/ aU.UU41 19
139 Output As kg 0 N 0.00001
140 Output As (soil) kn o N 0 00302
141 Output As (waterborne) kg 0 N 0.00008
142 Output B kg o N 0.00088
143 Output B (waterborne) kg 0 N 0.00012
144 Output Ba kg o N 0.00002
145 Output Ba (waterborne) kg 0 N 0.00933
146 Output barite (waterborne) kg o N 0.16134A A~7 i *t 1 Output Be kg o N A AAAu.uvnnsu
148 Output Be (waterborne) kg 0 N 0.00000
149 Output henzaldehvde kn o N 0 00000
150 Output benzene kg 0 N 0.00047
151 Output benzene (waterborne) kg 0 N 0.00085
152 Output benzo(a)pyrene kg 0 N 0.00000
153 Output Br2 kg o N 0.00006
154 Output butane (unspecified) kg 0 N 0.00390
155 Output butene fkg 0 N 0.00007
156 Output Ca ky 0 N A AAWAu.in/u/ 9
157 Output Ca (waterborne) kg o N 0.11921
158 Outnut Cd kg o N 0 00001
159 Output fod (soil) kg 0 N 0.00028
160 Output Cd (waterborne) kg 0 N 0.00013
161 Output chlorides (waterborne) kg 0 N 1.60807
162 Output chlorobenzene (waterborne) kg 0 N 0.00000
163 Output CI2 kg o [N 0.00000
164 Output CO kg o N 0.79659
165 Output CG2 (non renewable) ky o N AA- A  AT A009.009/ 1
166 Output C02 (renewable) kg 0 N 44.84300
167 Outnut C02 (unspecified) kn o N 146 45791
168 Output cobalt kg o N 0.00002
169 Output cobalt (waterborne) kg 0 N 0.00008
170 Output Cr (unspecified) kg 0 N 0.00002
171 Output Cr (unspecified) (waterborne) kg 0 N 0.00002
1 /2 Output Cr-lll (waterborne) kg 0 N 0.00045
173 Output Cr-VI (waterborne) kg o N 0.00000A “7 A 1 / ** Output Cs (waterbome) ky ° N AAAu.wwu
G H I J K L M N
117 6.81540 0.30044 19.55251
118 1301.37352 71536.71630 67.67909 83.82665
119 100% recycled waste, unspecified chemicals chemicals deisel sodium chloride limestone Starch
120 papermaking inert to landfill inorganic organic UK (produced) (CaC03)
121 63.43146 658.56068 0.00000 0.77215
122 0 00001 0 00002 0 00000 0 00000
123 0.00005 0.00008 0.00000 0.00000
124 0.00001 0.00002 0.00000 0.00000
125 0.00000 0.00000 0.00000 0.00004 0.00038
126 0.00000 0.00000 0.00000 0.00000
127 0.00000 0.00000 0.00000 0.00000
128 0.24292 45.85777
a  on
1 dL Ct 0.00002 0.00057 0.00000 0.00001
130 0.00058 0.01495 0.00007 0.00007
131 0 00000 0 00000 0 00000 0 00000
132 0.00008 0.00018 0.00002 0.00000
133 0.00001 0.00005 0.00001 0.00000
134 0.00000 0.00006 0.00000 0.00000
135 0.00000 0.00000 0.00000 0.00000
136 0.00000 0.00000 0.00000 0.00000
137 0.00001 0.00000 0.00000 0.00000
4  OO 1 00 AAAi/.uuuw r \ AA 4U.UUU^ H 0.C0003 r \ AAA 0 . 0 0 0 0 0
139 0.00000 0.00000 0.00000 0.00000
140
141 0.00000 0.00000 0.00003 0.00000 0.00000
142 0.00002 0.00044 0.00000 0.00000
143 0.00000 0.00003 0.00000 0.00000
144 0.00000 0.00001 0.00000 0.00000
145 0.00030 0.00215 0.00014 0.00001
146 0.00193 0.00776 0.00102 0.00004
147 0.00000 AAAo . o o o o o AAA 0 . 0 0 0 0 0 G.GGGCG
148 0.00000 0.00000 0.00000 0.00000
149 0 00000 0 00000 0 00000 0 00000
150 0.00002 0.00006 0.00001 0.00000
151 0.00001 0.00005 0.00001 0.00000
152 0.00000 0.00000 0.00000 0.00000
153 0.00000 0.00003 0.00000 0.00000
154 0.00015 0.00028 0.00008 0.00000
155 0.00000 0.00000 0.00000 0.00000
156 AAAO .O O O O *1 A AAA0  . 0 0 0 0  f 0.00000 A AAA 0 . 0 0 0 0 0
157 0.00403 0.02508 0.00195 0.00011
158 0 00000 0 00000 0 00000 0 00000
159
160 0.00012 0.00000 0.00000 0.00000 0.00000 0.00000
161 0.00054 0.05902 0.29448 0.02999 0.00159 0.00001 0.00005
162 0.00000 0.00000 0.00000 0.00000
163 0.00000 0.00000 0.00000
164 0.00258 0.00974 0.00072 0.00029 0.00468 0.04472
A C C  1 00 AAA*/ . 0 4 1 / 0  1 52.79053
166 0.27175 2.03138
167 7 7367? 48 19861 0 47843 0 24883
168 0.00000 0.00000 0.00000 0.00000
169 0.00000 0.00003 0.00000 0.00000
170 0.00000 0.00000 0.00000 0.00000
171 0.00000 0.00001
1 /2 0.00015 0.00000 0.00000
173 0.00000 0.00000 0.00000
174 AAAu.uuuou 0.00000 /A AA 0 . 0 0 0 0 0 G.GOCOG
0 P Q R s T
117
118
119 Transport of Transport of Transport of Transport of Transport of Transport of
120 chemicals organic chemicals inorganic Limestone (CaC03) Starch sodium chloride (produced) diesel UK
121
122
123
124
125
126
127
128
12S
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
U V w X Y
117 0.00001
118 2677.53001 0.43520 0.40364
119 Transport of Gas, natural HEAT Transport of Transport of
120 waste, unspecified, inert to Ian delivered UK natural gas Waste, unspecified, inert to Ian chemicals organic
121 0.00054 0.00072 0.00092
122 0 00000 0 00000 0 00000
123 0.00001 0.00000 0.00000
124 0.00000 0.00000
0.00000
0.00000
0.00000125
126 0.00000 0.00000 0.00000
127 0.00000 0.00000 0.00000
128 3690.66515 0.00000
123 AA4AU.UUU IU AAAU.UUUUU AAAu.uww
130 0.00466 0.00000 0.00000
131 0 00000 0 00000 0 00000
132 0.00017 0.00000 0.00000
133 0.00046
0.00001
0.00000
0.00000
0.00000
0.00000134
135 0.00004 0.00000 0.00000
136 0.00000 0.00000 0.00000
137 0.00000 0.00000 0.00000
A OO 1 kJ V AATAU.UUU/9 AAAU.VA/UUU /A AAU.UUUUU
139 0.00000 0.00000 0.00000
140
141 0.00001 0.00000 0.00000
142 0.00001
0.00002
0.00000
0.00000
0.00000
0.00000143
144 0.00000 0.00000 0.00000
146 0.00139 0.00000 0.00000
146 0.09608 0.00000 0.00000
A A ~ 7  1 -t / AAAu.uuuuu AAAu.v/wuu A AAAu.Uww
148 0.00000 0.00000 0.00000
149 0 00000 0 00000 0 00000
150 0.00008 0.00000 0.00000
151 0.00046
0.00000
0.00000
0.00000
0.00000
0.00000152
153 0.00000 0.00000 0.00000
154 0.00098 0.00000 0.00000
155 0.00001 0.00000 0.00000
156 0.00002 AAAU.UU000 AAAU.IAAAA/
157 0.01988 0.00001 0.00000
158 0 00000 0 00000 0 00000
159
160 0.00000
0.25727
0.00000
0.00008
0.00000
0.00005161
162 0.00000 0.00000 0.00000
163 0.00000
164 0.05166 0.06392 0.00003 0.00001
165 CA A A A AATAu.uvo79
166 0.00000
167 43 47941 0 00167 0 00640
168 0.00000 0.00000 0.00000
169 0.00001
0.00000
0.00000
0.00000
0.00000
0.00000170
171 0.00000
172 0.00008 0.00000 0.00000
173 0.00000 0.00000 0.00000
A -7 A 1 1 T 0.00000 AAAu.uuuuu AAAu.uuwu
Z AA AB AC AD AE
117 0.00069 0.00028 0.00468
118 42.84024 0.16541 17.55565 2.72073 288.76239 0.70609
119 Transport of Transport of Transport of Transport of Transport of Transport of
a on1 dLKJ chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03) Starch
121 0.07099 0.00038 0.02909 0.00622 0.47853 0.00161
122 0 00000 0 00000 0 00000 0 00000 0 00000 000000
123 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
124 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000125
126 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
127 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
128 0.00000 0.00000 0.00000
a on1 dLZJ AAAU.UVVUU AAA 0.00000 AAA 0.00000 AAA 0.00000 A AA* 0.0000 1 AAA 0.00000
130 0.00004 0.00000 0.00002 0.00000 0.00028 0.00000
131 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000
132 0.00001 0.00000 0.00000 0.00000 0.00004 0.00000
133 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00000
0.00000
0.00000134
135 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
136 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
137 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
A OO 1 00 f\ AA* 0.0000 1 AAA 0.00000 0.00000 AAA 0.00000 0.00006 AAA 0.00000
139 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
140
141 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
142 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000143
144 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
145 0.00004 0.00000 0.00002 0.00000 0.00027 0.00000
146 0.00028 0.00000 0.00011 0.00001 0.00187 0.00000
A A"7 1 -t / AAAu.uuuuu AAAu.uuuuv AAAV.VUUUU AAA 0.00000 AAA 0.00000 0.00000
148 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
149 0 00000 0 00000 000000 0 00000 0 00000 0 00000
150 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
151 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00001
0.00000
0.00000
0.00000152
153 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
154 0.00002 0.00000 0.00001 0.00000 0.00015 0.00000
155 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
156 AAAu.Uuuuu AAA 0.00000 0.00000 AAA 0.00000 G.GCCGG AAA 0.00000
157 0.00055 0.00000 0.00023 0.00002 0.00370 0.00001
158 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000
159
160 0.00000
0.00830
0.00000
0.00002
0.00000
0.00340
0.00000
0.00036
0.00000
0.05592
0.00000
0.00009161
162 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
163 0.00000 0.00000 0.00000
164 0.00294 0.00000 0.00121 0.00007 0.01984 0.00002
A CC 1 00 0.8651 S a ap * rrO.OOHOO 5.03173
166 0.00000 0.00000 0.00000
167 016433 000262 0 06734 0 04312 1 10766 001119
168 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
169 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000170
171 0.00000 0.00000 0.00000
172 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
173 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
A “7 A 1 / *t 0.00000 AAA 0.00000 AAA 0.00000 C.GG0GC o.ooooo r\ AAA 0.00000
AF AG AH Al AJ
117 0.00122 0.00006 0.00000
118 74.94072 0.03239 3.43765j 0.11947
119 Transport of Transport of Transport of Transport of Transport of
A on 1 zwStarch sodium chloride (produced) sodium chloride (produced) of diesel UK 100% recycled graphics paper
121 0.12419 0.00007 0.00570 0.00020
122 000000 0 00000 0 00000 0 00000
123 0.00000 0.00000 0.00000 0.00000
124 0.00000 0.00000 0.00000 0.00000
125 0.00000 0.00000 0.00000 0.00000
126 0.00000 0.00000 0.00000 0.00000
127 0.00000 0.00000 0.00000 0.00000
128 0.00000 0.00000 0.00000
12S A AAAu.uuuuu 0.00000 A AAAu.wwu A AAAU.V/U
130 0.00007 0.00000 0.00000 0.00000
131 0 00000 0 00000 0 00000 0 00000
132 0.00001 0.00000 0.00000 0.00000
133 0.00000 0.00000 0.00000 0.00000
134 0.00000 0.00000 0.00000 0.00000
135 0.00000 0.00000 0.00000 0.00000
136 0.00000 0.00000 0.00000 0.00000
137 0.00000 0.00000 0.00000 0.00000
138 C.CGCC2 A AAAu.v/uu A AAAu.uuuuu A AAAu.uuvuu
139 0.00000 0.00000 0.00000 0.00000
140
141 0.00000 0.00000 0.00000 0.00000
142 0.00000 0.00000 0.00000 0.00000
143 0.00000 0.00000 0.00000 0.00000
144 0.00000 0.00000 0.00000 0.00000
145 0.00007 0.00000 0.00000 0.00000
146 0.00048 0.00000 0.00002 0.00000
147 A AAAu.uuuuu A AAAu.uuuuu C.GGCOC A AAAu.uuuuu
148 0.00000 0.00000 0.00000 0.00000
149 0 00000 0 00000 0 00000 0 00000
150 0.00000 0.00000 0.00000 0.00000
151 0.00000 0.00000 0.00000 0.00000
152 0.00000 0.00000 0.00000 0.00000
153 0.00000 0.00000 0.00000 0.00000
154 0.00004 0.00000 0.00000 0.00000
155 0.00000 0.00000 0.00000 0.00000
156 0.00000 G.CC0C0 0.00000 A AAAu.uvwv
157 0.00096 0.00000 0.00004 0.00000
158 0 00000 0 00000 0 00000 0 00000
159
160 0.00000 0.00000 0.00000 0.00000
161 0.01451 0.00000 0.00067 0.00002
162 0.00000 0.00000 0.00000 0.00000
163 0.00000 0.00000 0.00000
164 0.00515 0.00000 0.00024 0.00001
ACC1 1.51347 0.06343 0.00245
166 0.00000 0.00000 0.00000
167 0 28746 0 00051 0 01319 0 00046
168 0.00000 0.00000 0.00000 0.00000
169 0.00000 0.00000 0.00000 0.00000
170 0.00000 0.00000 0.00000 0.00000
171 0.00000 0.00000 0.00000
172 0.00000 0.00000 0.00000 0.00000
173 0.00000 0.00000 0.00000 0.00000
A~7 A 1 / A AAAu.uuuuu 0.CG0CC A AAAO.uuuuu C.GGCOCL___________________
AK AL AM AN AO AP AQ
117 0.06022
118 10410.29091 6666.02824
119 Cardboard Film, Pallets Transport of Transport of Transport of
120 (packaging) UPVC paper wooden Pallets - wooden paper PACKAGING Film. UPVC
121 95.79666 61.39162
122 0 00001 0 00001
123 0.00003 0.00004
124 0.00001 0.00001
125 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00004
126 0.00000 0 . 0 0 0 0 0
127 0 . 0 0 0 0 0 0 . 0 0 0 0 0
128 0.04349
12S A AA4U .U U U  1 o 0.00017
130 0.00287 0.00245
131 0 00000 0 00000
132 0.00016 0.00009
133 0.00002 0.00001
134 0.00002 0.00001
135 0 . 0 0 0 0 0 0 . 0 0 0 0 0
136 0.00061 0.00013
137 0.00001 0.00001
A O O
1 sJKJ AAAU .U U U U O AAAU .U U U U Q
139 0 . 0 0 0 0 0 0 . 0 0 0 0 0
140
141 0.00001 0 . 0 0 0 0 0
142 0.00007 0.00005
143 0.00001 0 . 0 0 0 0 0
144 0 . 0 0 0 0 0 0 . 0 0 0 0 0
145 0.00055 0.00043
146 0.00276 0.00203
147 Au . u u u u u AAAu . u u u u u
148 0 . 0 0 0 0 0 0 . 0 0 0 0 0
149 0 00000 0 00000
150 0.00007 0.00004
151 0.00002 0.00001
152 0 . 0 0 0 0 0 0 . 0 0 0 0 0
153 0.00001 0 . 0 0 0 0 0
154 0.00035 0.00017
155 0.00001 0 . 0 0 0 0 0
156 AAAU .U U U U O AAArU . U U U U J
157 0.00671 0.00514
158 0 00000 0 00000
159
160 0 . 0 0 0 0 0 0 . 0 0 0 0 0
161 0.09230 0.02288 0.06645 0.00001
162 0 . 0 0 0 0 0 0 . 0 0 0 0 0
163 0 . 0 0 0 0 0
164 0.05371 0.00156 0.01451 0.35867
165 1.13600 4.78734
166 42.47127
167 -20 93880 3 80880
168 0 . 0 0 0 0 0 0 . 0 0 0 0 0
169 0.00001 0 . 0 0 0 0 0
170 0 . 0 0 0 0 0 0 . 0 0 0 0 0
171
172 0.00003 0.00003
173 0 . 0 0 0 0 0 0 . 0 0 0 0 0
A ~7 A
1 / 0 . 0 0 0 0 0 AAAu . o u u u u .......................
AR AS AT
117 0.00766 27.87196
118 472.52887 46308.06936
119 Transport of Transport of manufactured
120 cardboard (packaging) 100% recycled graphics paper pulpLPFL1_AA
121 0.78306 515.44757
122 0 00000 0 00003
123 0.00000 0.00015
124 0.00000 0.00003
125 0.00000 0.00001
126 0.00000 0.00000
127 0.00000 0.00000
128 0.00000 1067.66153
123 0.00001 0.00045
130 0.00045 0.01355
131 0 00000 0 00000
132 0.00006 0.00050
133 0.00002 0.00024
134 0.00000 0.00005
135 0.00000 0.00002
136 0.00000 0.00000
137 0.00000 0.00002
A OO 1 sJU A AA/ aU.UUU IU 0.00074
139 0.00000 0.00000
140 0 00302
141 0.00000 0.00003
142 0.00000 0.00029
143 0.00001 0.00004
144 0.00000 0.00001
145 0.00045 0.00349
146 0.00305 0.04389
147 A AAAU.UUUJU A AAAu.uuuuu
148 0.00000 0.00000
149 0 00000 0 00000
150 0.00003 0.00016
151 0.00002 0.00025
152 0.00000 0.00000
153 0.00000 0.00002
154 0.00024 0.00143
155 0.00001 0.00003
A CC 1 A AAAU.UUJUJ A AATu.uuuz/
157 0.00606 0.04472
158 0 00000 0 00001
159 0.00028
160 0.00000 0.00000
161 0.09150 0.60855
162 0.00000 0.00000
163 0.00000 0.00000
164 0.03246 0.12784
A CC 1 UJ 3.54300 181.63684
166 0.00000 0.06860
167 1 81256 59 92739
168 0.00000 0.00001
169 0.00000 0.00003
170 0.00000 0.00001
171 0.00000 0.00001
1 72 0.00001 0.00014
173 0.00000 0.00000
A “7 A i i -t A AAAU.UV/JUU AAAu.uuuUv/
A B c D E F175Output Cu kg o N 0.00009176Output Cu (soil) kg o N 0.07239177Output Cu (waterborne) kg o N 0.00021-X -si CO179FullName Flow Name Unit Element Type Total180Outnut cyanide (hound) as CN (waterhome) kg O N 0 00003181Output cyanides (unspecified) kg O N 0.00000182Output cyanides (waterborne) kg O N 0.00000183Output dichloromethane kg O N 0.00000184Output dioxins and furanes (unspecified) kg O N 0.00000185Output DOCs (unspecified) (waterborne) kg 1° N 0.00690186Output ethane kg O N 0.02498A 0"7 1 UIOutput ethanol kg O N 0.00016188Output ethene kg 0 N 0.00031189Output ethylhenzene kn o N 0 00017190Output ethylbenzene (waterborne) kg 0 N 0.00006191Output ethylene dichloride kg o N 0.00000192Output ethyne kg o N 0.00003193Output fatty acids (waterborne) kg 0 N 0.01372194Output Fe kg 0 N 0.00082195Output Fe (waterborne) kg o N 0.05050a na
1 CIUOutput fluorides (waterborne) kg 0 N C.00644197Output formaldehyde kg o N 0.00045198Outnut formaldehyde (waterhome) kg o N 0 00000199Output glutaric aldehyde (waterborne) kg o N 0.00002
200 Output H2S kg 0 N 0.00060
201 Output H2S (waterborne) kg 0 N 0.00240
202 Output haloginated HC (unspecified) kg 0 N 0.00001
203 Output haloginated HC (unspecified) (waterborne) kg o N 0.00001204Output halon -1301 kg o N 0.00001nncaLUU Output HC (unspecified) kg o N 0.01314206Output HC excl CH4 (unspecified) kg 0 N 0.01392
207 Outnut HCI kn o N 0 02262208Output He kg o N 0.00242209Output heptane kg o N 0.00075
210 Output hexafluoroethane kg 0 N 0.00000
211 Output hexane kg o N 0.00158
212 Output HF kg o N 0.00242213Output Hg kg o N 0.00001214Output Hg (soil) kg G N G.00022215Output Hg (waterborne) +g o N 0.00000216Outnut hvdrocarhnns (unspecified) (waterhome) kn o N 0 00003217Output hypochlorous acid (waterborne) kg o N 0.00028218Output Iodides (waterborne) kg o N 0.00025219Output iodine kg o N 0.00003
220 Output K kg o N 0.00018
221 Output K (waterborne) kg o N 0.02362
222 Output La kg 0 N 0.00000
ooo/L4LUOutput metals (unspecified) kg o N C.G0010224Output metals (unspecified) (waterborne) kg o N 0.00185225Outnut methane kg o N 1 21903226Output methanol kg o N 0.00023227Output methyl tert-butyl ether kg o N 0.00000228Output methyl tert-butyl ether (waterborne) kg 0 N 0.00000229Output Mg kg o N 0.00052230Output Mg (waterborne) kg o N 0.03655231Output mineral oil tkg o N 0.00131232Output Mn kg AAAAu.vuvm
G H I J K L M N
175 0.00000 0.00001 0.00000 0.00000
176
177 0.00000 0.00000 0.00007 0.00000 0.00000
178 100% recycled waste, unspecified chemicals chemicals deisel sodium chloride limestone Starch
179 papermaking inert to landfill inorganic organic UK (produced) (CaC03)
180 0 00000 0 00000 0 00000
181 0.00000 0.00000 0.00000 0.00000
182 0.00000
0.00000183
184 0.00000
185 0.00000 0.00000 0.00003 0.00000 0.00000
186 0.00005 0.00039 0.00002 0.00001
187 AAAO .O U K J O d AAAAu . o v u y j H f \  AAAU.UUWU f \  AAAu.uvwO
188 0.00001 0.00002 0.00000 0.00000
189 0 00000 000006 0 00000 0 00000
190 0.00000 0.00001 0.00000 0.00000
191 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000192
193 0.00052 0.00198 0.00028 0.00001
194 0.00003 0.00031 0.00000 0.00000
195 0.00009 0.00091 0.02394 0.00003 0.00004
196 AAAu.uuuuu AAAU.V/UUUV A /AA tT 0 . 0 0 0 0 0 f \  AAAU.UUUUV AAAv.vvuw
197 0.00004 0.00014 0.00000 0.00000
198 0 00000 0 00000 0 00000 0 00000
199 0.00000 0.00000 0.00000 0.00000
200 0.00000
0.00000
0.00004
0.00000
0.00000
0.00012
0.00000
0.00000201
202 0.00000 0.00000 0.00000 0.00000
203 0.00000 0.00000 0.00000 0.00000
204 0.00000 0.00000 0.00000 0.00000
n n c
206 0.00118 0.01106
207 0 00033 0 00608 0 00002 0 00003 0 00055 0 00737
208 0.00010 0.00038 0.00005 0.00000
209 0.00003
0.00000
0.00004
0.00000
0.00002
0.00000
0.00000
0.00000210
211 0.00007 0.00010 0.00004 0.00000
212 0.00003 0.00065 0.00000 0.00000 0.00007 0.00088
213 0.00000 0.00000 0.00000 0.00000
0*1 A 
d - i -f
215 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
216 0 00000 0 00000 0 00000 0 00000
217 0.00001 0.00014 0.00000 0.00000
218 0.00001
0.00000
0.00004
0.00001
0.00001
0.00000
0.00000
0.00000219
220 0.00000 0.00007 0.00000 0.00000
221 0.00067 0.00607 0.00029 0.00003
222 0.00000 0.00000 0.00000 0.00000
ooo 0.00001 AAAU.WUU9
224 0.00027 0.00142
225 0 01093 010596 0 00447 0 00063 0 00118 0 01106
226 0.00004 0.00004 0.00000 0.00000
227 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000228
229 0.00001 0.00021 0.00000 0.00000
230 0.00064 0.01268 0.00014 0.00006
231 0.00000 0.00002 0.00000 0.00000
ooo 0.00000 AAAU.UVUUU 0.00000 AAAu.wwu
0 P Q R s T
175
176
177
178 Transport of Transport of Transport of Transport of Transport of Transport of
179 chemicals organic chemicals inorganic Limestone (CaC03) Starch sodium chloride (produced) diesel UK
180
181
182
183
184
185
186
A 0*7 1 U/
188
189
190
191
192
193
194
195
136
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
ooo
z A A A B A C A D A E
175 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00000 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
176
177 0 . 0 0 0 0 0 0.00000 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
178 Transport of Transport of Transport of Transport of Transport of Transport of
179 chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03) Starch
180 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000
1 8 1 0.00000 0.00000 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
182
183
184 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
185 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
186 0.00001 O.OOOOOj 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00004 0 . 0 0 0 0 0
187 A aaaU .U U U U U A AAAu . u u u u u A AAAu . u u u u u A AAAu . u v u u u A AAAu . w v w 0 . 0 0 0 0 0
188 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00001 0 . 0 0 0 0 0
189 0 00000 0 00000 0 00000 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0
190 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
191 0 . 0 0 0 0 0
0.00000
0 . 0 0 0 0 0
0.00000
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0192
193 0.00008 0 . 0 0 0 0 0 0.00003 0 . 0 0 0 0 0 0.00051 0 . 0 0 0 0 0
194 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
195 0.00002 0 . 0 0 0 0 0 0.00001 0 . 0 0 0 0 0 0.00011 0 . 0 0 0 0 0
a ruz
1 C /V J
a aaa
u . v u v u v 0 . 0 0 0 0 0
A AAA
u . u u u u u
A AAA
u . u w u u
AAA/
U . U W V  1
A AAA
u . u w u u
197 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
198 0 00000 0 00000 0 00000 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0
199 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
2 0 0 0 . 0 0 0 0 0
0.00003
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.00001
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.00021
0 . 0 0 0 0 0
0 . 0 0 0 0 0201
202 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
203 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
204 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
n n c£-KJsJ A AA *u . i A / u v n A AAAu . o u u u z 0.00028
206 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
207 0 00001 0 00000 0 00000 0 00000 0  0 0 0 0 7 0 00000
208 0.00001 0 . 0 0 0 0 0 0.00001 0 . 0 0 0 0 0 0.00010 0 . 0 0 0 0 0
209 0.00001
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.00000
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.00003
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0210
211 0.00001 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00007 0 . 0 0 0 0 0
212 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0.00001 0 . 0 0 0 0 0
213 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
n  A A C 1 t
215 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
216 0 00000 0 00000 0 00000 0 00000 0  0 0 0 0 0 0  0 0 0 0 0
217 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
218 0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0.00001
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0219
220 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
221 0.00008 0 . 0 0 0 0 0 0.00003 0 . 0 0 0 0 0 0.00057 0 . 0 0 0 0 0
222 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
223 0 . 0 0 0 0 0 0 . 0 0 0 0 0 AAAv . w w u
224 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
225 0  0 0 1 3 8 0 00000 0  0 0 0 5 7 0  0 0 0 0 6 0  0 0 9 3 0 0 00002
226 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
227 0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0
0 . 0 0 0 0 0228
229 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
230 0.00006 0 . 0 0 0 0 0 0.00002 0 . 0 0 0 0 0 0.00039 0 . 0 0 0 0 0
231 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0 0 . 0 0 0 0 0
n o n A AAA
u . u u u u u C . G C C G O
A AAA
u . u u u u u
A AAA
U . U U U U U
AAA
u . w w u o . c c o o c
AF AG AH Al AJ
175 0.00000 0.00000 0.00000 0.00000
176
177 0.00000 0.00000 0.00000 0.00000
A “70 1 / UTransport of Transport of Transport of Transport of Transport of
179 Starch sodium chloride (produced) sodium chloride (produced) of diesel UK 100% recycled graphics paper
180 0 00000 0 00000 0 00000 0 00000
181 0.00000 0.00000 0.00000 0.00000
182
183
184 0.00000 0.00000 0.00000
185 0.00000 0.00000 0.00000 0.00000
186 0.00001 0.00000 0.00000 0.00000
187 AAAU.UVA/UU AAAu.wwu AAAu.uuuuu AAAu.uuuuu
188 0.00000 0.00000 0.00000 0.00000
189 0 00000 0 00000 0 00000 0 00000
190 0.00000 0.00000 0.00000 0.00000
191 0.00000 0.00000 0.00000 0.00000
192 0.00000 0.00000 0.00000 0.00000
193 0.00013 0.00000 0.00001 0.00000
194 0.00000 0.00000 0.00000 0.00000
195 0.00003 0.00000 0.00000 0.00000
1S6 AAAu.uuuuu C.G00GC AAAV.W\J\JV AAAu.vuuw
197 0.00000 0.00000 0.00000 0.00000
198 0 00000 0 00000 0 00000 0 00000
199 0.00000 0.00000 0.00000 0.00000
200 0.00000 0.00000 0.00000 0.00000
201 0.00006 0.00000 0.00000 0.00000
202 0.00000 0.00000 0.00000 0.00000
203 0.00000 0.00000 0.00000 0.00000
204 0.00000 0.00000 0.00000 0.00000
205 0.00007 A A A A A Au.uuUw r\ A A A A AU.UUUW
206 0.00000 0.00000 0.00000
207 0 00002 0 00000 0 00000 0 00000
208 0.00003 0.00000 0.00000 0.00000
209 0.00001 0.00000 0.00000 0.00000
210 0.00000 0.00000 0.00000 0.00000
211 0.00002 0.00000 0.00000 0.00000
212 0.00000 0.00000 0.00000 0.00000
213 0.00000 0.00000 0.00000 0.00000
04 A l*T
215 0.00000 0.00000 0.00000 0.00000
216 0 00000 0 00000 0 00000 0 00000
217 0.00000 0.00000 0.00000 0.00000
218 0.00000 0.00000 0.00000 0.00000
219 0.00000 0.00000 0.00000 0.00000
220 0.00000 0.00000 0.00000 0.00000
221 0.00015 0.00000 0.00001 0.00000
222 0.00000 0.00000 0.00000 0.00000
ooo 0.00000 A  A A A A Au.uuwv 0.00000
224 0.00000 0.00000 0.00000
225 0 00241 0 00000 0 00011 0 00000
226 0.00000 0.00000 0.00000 0.00000
227 0.00000 0.00000 0.00000 0.00000
228 0.00000 0.00000 0.00000 0.00000
229 0.00000 0.00000 0.00000 0.00000
230 0.00010 0.00000 0.00000 0.00000
231 0.00000 0.00000 0.00000 0.00000
232 0.00000 A A A A A AU.uuuuU A A A A A Au.uwvu A A A A A Au.uuuw
AK AL AM AN AO AP AQ
175 0.00003 0.00001
176
177 0.00001 0.00001
A "70 1 / 0 Cardboard Film, Pallets Transport of Transport of Transport of
179 (packaging) UPVC paper wooden Pallets - wooden paper PACKAGING Film, UPVC
180 0 00000 0 00000
181 0.00000 0.00000
182
183
184
185 0.00002 0.00078 0.00001
186 0.00029 0.00020
187 AAAAU.UUUU 1 AAAO.OOOOd
188 0.00004 0.00004
189 0 00001 0 00001
190 0.00000 0.00000
191 0.00000 0.00000
192 0.00000 0.00001
193 0.00066 0.00049
194 0.00007 0.00009
195 0.00363 0.00256
A C\C 1 00 0.00002 AAAAO.uuuu i
197 0.00004 0.00004
198 0 00000 0 00000
199 0.00000 0.00000
200 0.00035 0.00009
201 0.00000 0.00000
202 0.00000 0.00000
203 0.00000 0.00000 0.00000
204 0.00000 0.00000
nnc d. 00 A A* AAU.U 1 UVd
206 0.00166
207 0 00115 0 00017 0 00124 0 00001
208 0.00013 0.00009
209 0.00007 0.00003
210 0.00000 0.00000
211 0.00014 0.00007
212 0.00011 0.00000 0.00009 0.00000
213 0.00000 0.00000
214
215 0.00000 0.00000
216 0 00000 0 00000 0 00000
217 0.00002 0.00001
218 0.00001 0.00001
219 0.00000 0.00000
220 0.00002 0.00002
221 0.00146 0.00118
222 0.00000 0.00000
oood.d-\J /A AAV.VUUVU o.occcc
224 0.00011 0.00005
225 0 02992 0 02304 0 00166
226 0.00001 0.00003
227 0.00000 0.00000
228 0.00000 0.00000
229 0.00005 0.00006
230 0.00255 0.00215
231 0.00098 0.00021
non
4 . 0 4 . C.000GC AAAV.VVVVV
AR AS AT
175 0.00000 0.00003
176 0.07239
177 0.00000 0.00007
A “70 1 I 0 Transport of Transport of manufactured
179 cardboard (packaging) 100% recycled graphics paper pulpLPFL1_AA
180 0 00000 0 00001
181 0.00000 0.00000
182 0.00000
183 0.00000
184 0.00000 0.00000
185 0.00000 0.00138
186 0.00006 0.00577
187 AAAu.uuuuu G.GGGG7
188 0.00001 0.00010
189 0 00001 0 00006
19Q 0.00000 0.00002
191 0.00000 0.00000
192 0.00000 0.00001
193 0.00084 0.00518
194 0.00001 0.00027
195 0.00018 0.01748
196 AAA*U.UUUU 1 A AA* AU.VVUIO
197 0.00000 0.00017
|198 0 00000 0 00000
199 0.00000 0.00001
200 0.00000 0.00007
201 0.00035 0.00116
202 0.00000 0.00001
203 0.00000 0.00000
204 0.00000 0.00000
205 0.00045 0.00136
206 0.00001 0.00001
207 0 00011 0 00475
208 0.00016 0.00095
209 0.00006 0.00030
210 0.00000 0.00000
211 0.00012 0.00063
212 0.00001 0.00050
213 0.00000 0.00000
214 G.G0G22
215 0.00000 0.00000
216 0 00000 0 00007
217 0.00000 0.00010
218 0.00002 0.00010
219 0.00000 0.00001
220 0.00000 0.00005
221 0.00093 0.00864
222 0.00000 0.00000
ooo4.4.0 AAAu.uuuuv o.ooooo
224 0.00000 0.00000
225 0 01521 0 33399
226 0.00000 0.00010
227 0.00000 0.00000
228 0.00000 0.00000
229 0.00000 0.00016
230 0.00064 0.01263
231 0.00001 0.00005
ooo404 G.GGG0G 0.00002
A B c D E F233Output Mn (waterborne) kg o N 0.00104234Output Mo kg 0 N 0.00001235Output Mo (waterborne) kg o N 0.00013
OO c£-UU Output N (waterborne) kg o N /s AArnU.U09J0237238FullName Flow Name Unit Element Type Total239Output N2 kg O N 0.08265240Output N20 kg O N 0.00952241Output Na kg O N 0.00049242Output Na (waterborne) kg O N 0.85252243Output NH3 kg O N 0.00125244Output Ni kg O N 0.00036245Output Ni (soil) kg O N 0.00213246Output Ni (waterborne) kg O N 0.00021247Outnut nitrates (waterhome) ±9 O N 0 00215248Output nitrogen (organic bonded) (waterborne) kg O N 0.05935249Output nitrogenous compounds (unspecified) (waterborne) kg O N 0.00120250Output non methane VOC (unspecified) kg O N 0.48085251Output NOx kg O N 2.12999252Output OCI- (waterborne) Lkg ,0 N 0.00028253Output oils & greases (waterborne) kg 0 N 0.07532
O C AOutput organic compounds (unspecified) (waterborne) kg o N 0.01423255Output other solid (unspecified) kg o N 72.49932256Outnut P kn o N 0 00002257Output P (waterborne) kg 0 N 0.00478258Output PAH (unspecified) kg o N 0.00003259Output PAH (waterborne) kg o N 0.00003260Output Particulate (diesel) Lkg o N 0.05994261Output Pb kg 0 N 0.00014262Output Pb (soil) kg o N 0.00437
oco
Z . U U Output Pb (waterborne) kg o N A AAAI S . I / W 0 9264Output pentane kg 0 N 0.00434265Outnut phenol kG o N 0 00000266Output phenols (unspecified) (waterborne) kg o N 0.00086267Output phosphates (waterborne) kg o N 0.00240268Output polycyclic aromatic hydrocarbons (unspecified) kg 0 N 0.00000269Output propane kg 0 N 0.00582270Output propene kg o N 0.00018271Output propionaldehyde kg o N 0.000000*70 £- 1 dLOutput propionic acid kg o N A AAAl / . U V W U273Output Pt kg 0 N 0.00000274Outnut Rh (waterhome) kn o N 0 00002275Output residual landfill weight kg o N 45.02767276Output salts (unspecified) (waterborne) kg 0 N 0.50190277Output Sb kg 0 N 0.00000278Output Sb (waterborne) kg o N 0.000002/9Output Sc kg o N 0.00000280Output Se jkg 0 N 0.00002281Output Se (waterborne) kg o N AAA282Output Si kg o N 0.00338283Output Si (waterhome) kn o N 0 00000284Output Sn kg o N 0.00000285Output Sn (tributyl) (waterborne) kg o N 0.00000286Output Sn (waterborne) kg 0 N 0.00000287Output S02 jkg o N 1.60455288Output Sr kg 0 N 0.00002289Output Sr (waterborne) jkg o jN 0.01536
onndLd\J Output steam/water vapour LiS ° N 1410.00478
G H 1 J K L M N
233 0.00002 0.00037 0.00000 0.00000
234 0.00000 0.00000 0.00000 0.00000
235 0.00000 0.00005 0.00000 0.00000
ooo A AAAU.UOUUU 0.00013 A AAAU.UUUU9 0.00021 A AAA A AAAu.uOuuv
237 100% recycled waste, unspecified chemicals chemicals deisel sodium chloride limestone Starch
238 papermaking inert to landfill inorganic organic UK (produced) (CaC03)
239 0.00002 0.00055 0.00000 0.00001
240 0.00019
0.00006
0.00174
0.00010
0.00001
0.00000
0.00001
0.00000241
242 0.03439 0.13472 0.01814 0.00083
243 0.00000 0.00010 0.00000 0.00000 0.00007 0.00039
244 0.00005 0.00005 0.00000 0.00000
245
246 0.00000 0.00000 0.00008 0.00000 0.00000
247 0 00008 0 00043 0 00004 0 00000 0 00000 0 00001
248 0.00001 0.00001 0.00123 0.00000
249 0.00010
0.01563
0.00013
0.05954
0.00002
0.00832
0.00000
0.00040250
251 0.01933 0.10583 0.00293 0.00103 0.02279 0.18759
252 0.00001 0.00014 0.00000 0.00000
253 0.00189 0.00716 0.00102 0.00003 0.00002 0.00019
on at A AAAu.uuu on A A S IC A A AAAu.uuuuo A AA AU.UWU4♦
255 0.00811 1.28359 5.96768
256 0 00000 0 00001 0 00000 0 00000
257 0.00200 0.00000 0.00000 0.00000
258 0.00000
0.00000 0.00001 0.00000 0.00000259
260
261 0.00000 0.00001 0.00000 0.00000 0.00001 0.00007
262
263 A AAAu.uuuuu A AAAu.uuwu A AAAU.UUUU9 A AAAu.uuvuu A AAAu.uuwu
264 0.00019 0.00037 0.00010 0.00000
265 0 00000 0 00000 0 00000 0 00000
266 0.00000 0.00000 0.00001 0.00005 0.00001 0.00000 0.00000 0.00000
267 0.00004 0.00088
0.00000
0.00000
0.00000
0.00000
0.00000268
269 0.00015 0.00031 0.00008 0.00000
270 0.00001 0.00001 0.00000 0.00000
271 0.00000 0.00000 0.00000
0*70 I dL A AAAw.uuuuu A AAAU.UVAA/U A AAAU.UVVUU A AAAu.uuuvu
273 0.00000 0.00000 0.00000 0.00000
274 0 00000 0 00000 0 00000 0 00000
275 4.29800 0.24035 15.64201
276 0.00158
0.00000
0.04267
0.00000
0.00000
0.00000
0.00005
0.00000277
278 0.00000 0.00000 0.00000 0.00000
279 0.00000 0.00000 0.00000 0.00000
280 0.00000 0.00001 0.00000 0.00000
281 A AAAv.uuuuu A AAAu.uuuu o G.GGGGG A AAAO.IAMAAS
282 0.00005 0.00146 0.00000 0.00001
283 0 00000 0 00000 0 00000 0 00000
284 0.00000 0.00000 0.00000 0.00000
285 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000286
287 0.09720 0.20797 0.00304 0.00144 0.07608 0.36881
288 0.00000 0.00001 0.00000 0.00000
289 0.00063 0.00251 0.00033 0.00001
o on 731.00000 13.71761 A A  IT AU. 1 9J/Z 0.10173 A AA A A * A A A
0 P Q R s T
233
234
235
OOO4JU
237 Transport of Transport of Transport of Transport of Transport of Transport of
238 chemicals organic chemicals inorganic Limestone (CaC03) Starch sodium chloride (produced) diesel UK
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
oco400
264
265
266
267
268
269
270
271
070 d. 1 d.
273
274
275
276
277
278
279
280
004 4U 1
282
283
284
285
286
287
288
289
290
U V w X Y
233 0.00012 0.00000 0.00000
234 0.00000 0.00000 0.00000
235 0.00001 0.00000 0.00000non4100 0.00041 A AAAAA 0.00000 AAAAAA 0.00000
237 Transport of Gas, natural HEAT Transport of Transport of
1238 waste, unspecified, inert to Ian delivered UK natural gas Waste, unspecified, inert to Ian chemicals organic
239 0.06283 0.00000 0.00000
240 0.00065
0.00002
0.00000
0.00000
0.00000
0.00000241
242 0.14407, 0.00005 0.00003
243 0.00003 0.00000 0.00000
244 0.00002 0.00000 0.00000
245
246 0.00003 0.00000 0.00000
247 0 00032 0 OOOOO 0 ooooo
248 0.02889 0.00000 0.00000
249 0.00005
0.08289
0.00000
0.00004
0.00000
0.00002250
251 0.20088 0.74568 0.00005 0.00008
252 0.00001 0.00000 0.00000
253 0.03044 0.00000 0.00000
254 0.00037 0.00000 0 00000
255 0.00000
256 0 OOOOO Q OOOOO 0  ooooo
257 0.00000 0.00000 0.00000
258 0.00000
0.00001
0.00000
0.00000
0.00000
0.00000259
260 0.00001
261 0.00001 0.00000 0.00000
262
263 0.00006 0.00000 0.00000
264 0.00077 0.00000 0.00000
265 O OOOOO n ooooo Q OOOOO
266 0.00045 0.00000 0.00000
267 0.00029 0.00000 0.00000
m
m i 0.00240 0.00000 0.00000
270 0.00003 0.00000 000000
271 0.00000 0.00000 0.00000
272 O.OOOOO 0.00000 0 ooooo
273 0.00000 0.00000 0.00000
274 O OOOOO 0  ooooo 0  ooooo
275 0.00001
276 0.00001
0.00000
0.00000
0.00000
0.00000
0.00000277
278 0.00000 0.00000 0.00000
279 0.00000 0.00000 0.00000
280 0.00000 0.00000 0.00000
281 0.00002 0.00000 0.00000
282 0.00015 0.00000 0.00000
283 OOOOOO 0 ooooo 0  ooooo
284 0.00000 0.00000 0.00000
285 0.00000
0.00000
0.00000
0.00000
0.00000
0.00000286
287 0.18394 0.00001 0.00013
288 0.00000 0.00000 0.00000
289 0.00252 0.00000 0.00000
230 17.76703I 0.00433 0.00202
z AA AB AC AD AE
233 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00001 0 .0 0 0 0 0
234 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
235 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00000 0 .0 0 0 0 0 0 .0 0 0 0 0
236 0.00003 0 .0 0 0 0 0 0.00001 0 .0 0 0 0 0 0.00017 0 .0 0 0 0 0
237 Transport of Transport of Transport of Transport of Transport of Transport of
238 chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03) Starch
239 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
240 0.00009 0 .0 0 0 0 0 0.00004 0 .0 0 0 0 0 0.00060 0 .0 0 0 0 0
241 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00000 0 .0 0 0 0 0 0 .0 0 0 0 0
242 0.00495 0.00001 0.00203 0.00021 0.03339 0.00006
243 0.00001 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00007 0 .0 0 0 0 0
244 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
245
246 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
247 0.00001 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00007 0 .0 0 0 0 0
248 0.00041 0 .0 0 0 0 0 0.00017 0 .0 0 0 0 0 0.00276 0 .0 0 0 0 0
249 0.00001
0.00367
0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00004 0 .0 0 0 0 0
250 0.00001 0.00151 0.00011 0.02476 0.00003
251 0.00448 0.00003 0.00184 0.00051 0.03021 0.00013
252 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
253 0.00028 0 .0 0 0 0 0 0.00011 0.00001 0.00187 0 .0 0 0 0 0
254 AAA/U.UUUU 1 AAAU.UUUU9 AAAu.uuuuu AAA/U.VW/U 1 C.GGCC5 AAAU.lA/UUU
255 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00001
256 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0 0  0 0 0 0 0
257 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
258 0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0
0 .0 0 0 0 0259
260 0.00077 0.00031 0.00517
281 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0
262
neo4-UU AAAU.UUUUU AAAU.UUUUU AAAU.VAAAAS A AAAu.uuwu G .0GC0C C.0CGCG
264 0.00003 0.00000 0.00001 0 .0 0 0 0 0 0.00019 0 .0 0 0 0 0
265 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000
266 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00001 0 .0 0 0 0 0
267 0 .0 0 0 0 0 0 .0 0 0 0 0 0.00000 0.00000 0.00002 0.00000
268
269 0.00002 0.00000 0.00001 0.00000 0.00015 0.00000
270 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
271 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
272 0.00000 AAAU.IAAASU AAAO.UUV/U O AAAu.uwuu AAAiuuu /A AA
273 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
274 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000
275 0.00058 0.00024 0.00388
276 0.00001
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00004
0.00000
0.00000
0.00000277
278 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
2 /9 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
280 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
281 0.00000 0.00000 AAAu.uuv/uu AAAu.wuuu AAAu.uww 0.00000
282 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
283 0 00000 0 00000 0 00000 0 00000 0 00000 0 00000
284 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
285
286
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
0.00000
287 0.00125 0.00005 0.00051 0.00086 0.00840 0.00022
268 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
289 0.00009 0.00000 0.00004 0.00000 0.00061 0.00000
onnCIU 0.42646 0.00107 0.17476 0.01764 2.87452 0.00458
AF AG AH I Al AJ
233 0.00000 0.00000 0.00000 0.00000
234 0.00000 0.00000 0.00000 0.00000
235 0.00000 0.00000 0.00000 0.00000
236 0.00005 0.00000 0.00000 0.00000
237 Transport of Transport of Transport of Transport of Transport of
238 Starch sodium chloride (produced) sodium chloride (produced) of diesel UK 100% recycled graphics paper
239 0.00000 0.00000 0.00000 0.00000
240 0.00016 0.00000 0.00001 0.00000
241 0.00000 0.00000 0.00000 0.00000
242 0.00866 0.00000 0.00040 0.00001
243 0.00002 0.00000 0.00000 0.00000
244 0.00000 0.00000 0.00000 0.00000
245
246 0.00000 0.00000 0.00000 0.00000
247 0.00002 0.00000 0.00000 0.00000
248 0.00072 0.00000 0.00003 0.00000
249 0.00001 0.00000 0.00000 0.00000
250 0.00642 0.00000 0.00029 0.00001
251 0.00784 0.00001 0.00036 0.00001
252 0.00000 0.00000 0.00000 0.00000
253 0.00048 0.00000 0.00002 0.00000
254 0.00001 0.00000 0.00000 0.00000
255 0.00000 0.00000 0.00000
256 0.00000 0.00000 0.00000 0.00000
257 0.00000 0.00000 0.00000 0.00000
258 0.00000 0.00000 0.00000 0.00000
259 0.00000 0.00000 0.00000 0.00000
260 0.00134 0.00006 0.00000
261 0.00000 0.00000 0.00000 0.00000
262
263 0.00000 0.00000 0.00000 0.00000
264 0.00005 0.00000 0.00000 0.00000
265 0.00000 0.00000 0.00000 0.00000
266 0.00000 0.00000 0.00000 0.00000
267 0.00000 0.00000 0.00000 0.00000
268
269 0.00004 0.00000 0.00000 0.00000
270 0.00000 0.00000 0.00000 0.00000
271 0.00000 0.00000 0.00000 0.00000
272 0.00000 0.00000 0.00000 0.00000
273 0.00000 0.00000 0.00000 0.00000
274 0.00000 0.00000 0.00000 0.00000
275 0.00101 0.00005 0.00000
276 0.00001 0.00000 0.00000 0.00000
277 0.00000 0.00000 0.00000 0.00000
278 0.00000 0.00000 0.00000 0.00000
279 0.00000 0.00000 0.00000 0.00000
280 O.OOOOOi 0.00000 0.00000 0.00000
281 0.00000 0.00000 0.00000 0.00000
282 0.00000 0.00000 0.00000 0.00000
283 0.00000 0.00000 0.00000 0.00000
284 0.00000 0.00000 0.00000 0.00000
285 0.00000 0.00000 0.00000 0.00000
286 0.00000 0.00000 0.00000 0.00000
287 0.00218 0.00001 0.00010 0.00000
288 0.00000 0.00000 0.00000 0.00000
289 0.00016 0.00000 0.00001 0.00000
290 0.74601 0.00021 0.03422 0.00121
AK AL AM AN AO AP AQ
233 0.00007 0.00006
234 0.00000 0.00000
235 0.00001 0.00001
236 0.00017 0.00000 0.00009
237 Cardboard Film, Pallets Transport of Transport of Transport of
238 (packaging) UPVC paper wooden Pallets - wooden paper PACKAGING Film, UPVC
239 0.00036 0.00027
240 0.00037 0.00028
241 0.00003 0.00006
242 0.04856 0.00270 0.03420
243 0.00002 0.00001 0.00001
244 0.00003 0.00005
245
246 0.00002 0.00001
247 0.00012 0.00009 0.00000
248 0.00003 0.00001
249 0.00020 0.00010
250 0.02597 0.01563
251 0.07188 0.00936 0.03369 0.11842
252 0.00002 0.00001
253 0.00243 0.00003j 0.00177 0.00000
254 0.00219 0.00157
255 0.04654 32.14834
256 0.00000 0.00000
257 0.00000 0.00000
258 0.00002 0.00000
259 0.00000 0.00000
260
261 0.00001 0.00001 0.00000
262
263 0.00002 0.00001
264 0.00042 0.00021
265 0.00000 0.00000
266 0.00002 0.00001 o.ooooo1
267 0.00017 0.00015
268
269 0.00035 0.00020
270 0.00002 0.00001
271 0.00000 0.00000
272 0.00000 0.00000
273 0.00000 0.00000
274 0.00000 0.00000
275 0.04818
276 0.00610 0.00399
277 0.00000 0.00000
278 0.00000 0.00000
279 0.00000 0.00000
280 0.00000 0.00000
281 0.00001 0.00001
282 0.00029 0.00031
283 0.00000 0.00000
284 0.00000 0.00000
285 0.00000 0.00000
286 0.00000 0.00000
287 0.08752 0.00988 0.10383 0.02673
288 0.00000 0.00000
289 0.00082 0.00061
290 -8.56587 1.55815 0.12665
AR AS AT
233 0.00002 0.00036
234 0.00000 0.00000
235 0.00000 0.00004
236 0.00028 0.05778
237 Transport of Transport of manufactured
238 cardboard (packaging) 100% recycled graphics paper pu!pLPFL1_AA
239 0.00001 0.01858
240 0.00098 0.00441
241 0.00001 0.00020
242 0.05463 0.33046
243 0.00011 0.00040
244 0.00001 0.00016
245 0.00219
246 0.00000 0.00007
247 0.00012 0.00083
248 0.00451 0.02057
249 0.00006 0.00047
250 0.04051 0.19509
251 0.04944 0.51560
252 0.00000 0.00010
253 0.00305 0.02449
254 0.00009 0.00436
255 0.00002 33.04503
256 0.00000 0.00001
257 0.00000 0.00278
258 0.00000 0.00000
259 0.00000 0.00001
260 0.00846 0.04382
261 0.00000 0.00003
262 0.00437
263 0.00000 0.00019
264 0.00031 0.00168
265 0.00000 0.00000
266 0.00002 0.00026
267 0.00003 0.00081
268 0.00000
269 0.00024 0.00187
270 0.00001 0.00007
271 0.00000 0.00000
272 0.00000 0.00000
273 0.00000 0.00000
274 0.00000 0.00001
275 0.00634 24.78705
276 0.00006 0.44737
277 0.00000 0.00000
278 0.00000 0.00000
279 0.00000 0.00000
280 0.00000 0.00001
281 0.00000 0.00007
282 0.00002 0.00108
283 0.00000 0.00000
284 0.00000 0.00000
285 0.00000 0.00000
286 0.00000 0.00000
287 0.01375 0.41063
288 0.00000 0.00001
289 0.00100 0.00601
290 4.70385 578.43774
A B c D E F291Output sulphates (waterborne) kg O N 0.34456292Output sulphides (waterborne) kg o N 0.00214293Output sulphite (waterborne) kg o N 0.44143294Output TDS (unspecified) kg o N 0.27175295Output tetrachloride-dibenzo-dioxin [kg 0 N 0.00000296297FullName Flow Name Unit Element Type Total298Output tetrafluoromethane [kg O N 0.00003299Output Th kg O N 0.00000300Output Ti [kg O N 0.00006301Output Ti (waterborne) kg ro N 0.00237302Output TI kg O N 0.00000303Output toluene kg O N 0.00065304Output toluene (waterborne) [kg O N 0.00077305Output trichloroethylene (waterborne) kg O N 0.00000306Output TSP kg O N -10.30860307Output TSS (unspecified) kg 0 N 2.99865308Output U kg o N 0.00000309Output unsolved substances (waterborne) kg o N 1.95362310Output V kg o N 0.00143311Output V (waterborne) kg o N 0.00021312Output VOC kg o N 0.30225313Output W (waterborne) [kg o N 0.00000314Output waste water kg o N 19376.04277315Output xylene (unspecified) kg 0 N 0.00090316Output xylene (waterborne) ,kg o N 0.00062317Output Zn kg o N 0.00016318Output Zn (soil) [kg o N 0.20209319Output Zn (waterborne) kg ro N 0.00047320Output Zr kg o N 0.00000321Output acid as H+ (waterborne) kg (ex.) o N 0.00002322Output AOX kg (ex.) o N 0.00010323Output BOD kg (ex.) o N 1.99774324Output COD kg (ex.) o N 3.55984325Output waste heat to air MJ (ex.) 0 N 148.98685326Output waste heat to soil MJ (ex.) o N 0.94575327Output waste heat to water MJ (ex.) 0 N 2.22096328 Balance kg kg X N 906.68179329 Balance MJ MJ X N 20967.99951
G H I J K L M N
291 0.00762 0.16586 0.00000 0.00043
292 0.00000 0.00000 0.00000 0.00000 0.00041 0.00141
293 0.00000 0.00001 0.00048 0.00000
294 0.00631 0.00003 0.00003 0.03692 0.19836
295 0.00000 0.00000 0.00000 0.00000
296 100% recycled waste, unspecified chemicals chemicals deisel sodium chloride limestone Starch
297 papermaking inert to landfill inorganic organic UK (produced) (CaC03)
298 0.00000 0.00001 0.00000 0.00000
299 0.00000 0.00000 0.00000 0.00000
300 0.00000 0.00003 0.00000 0.00000
301 0.00003 0.00088 0.00000 0.00000
302 0.00000 0.00000 0.00000 0.00000
303 0.00003 0.00007 0.00001 0.00000
304 0.00001 0.00005 0.00001 0.00000
305 0.00000 0.00000 0.00000 0.00000
306 0.06261 0.00152 0.00032 5.88204 0.02927
307 0.35000 0.00009 0.00000 0.00127 1.13724
308 0.00000 0.00000 0.00000 0.00000
309 0.00604 0.02631 0.00315 0.00013 0.00001 1.44991
310 0.00020 0.00018 0.00001 0.00000
311 0.00000 0.00008 0.00000 0.00000
312 0.00004 0.01674 0.10151
313 0.00000 0.00000 0.00000 0.00000
314 7062.00000 1.84200 1754.74493 9.15284 7.85060 248.36238 1819.03342
315 0.00002 0.00024 0.00001 0.00000
316 0.00001 0.00004 0.00001 0.00000
317 0.00001 0.00001 0.00000 0.00000
318
319 0.00000 0.00001 0.00015 0.00000 0.00000
320 0.00000 0.00000 0.00000 0.00000
321
322 0.00001 0.00000 0.00000 0.00000 0.00000 0.00000
323 0.10000 0.00000 0.00001 0.00000 0.00000 0.00010 1.13151
324 0.49000 0.00010 0.00019 0.00016 0.00001 0.00001 0.00005
325 49.07469
326 0.31152
327 0.00000 0.73156
328 0.00028 0.00000 379.97470 0.00000 0.00000 0.00000 -0.00004 -0.00038
329 10652.50000 94.57836 890.31580 53.35987 4.63317 142.09568 816.78749
0 P Q R s T
291
292
293
294
295
296 Transport of Transport of Transport of Transport of Transport of Transport of
297 chemicals organic chemicals inorganic Limestone (CaC03) Starch sodium chloride (produced) diesel UK
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
329
U V W X Y291 0.00001 0.00000 0.00000292 0.00000 0.00000 0.00000293 0.33660 0.00000 0.00000294 0.00192 0.00000 0.00000295 0.00000 0.00000 0.00000296Transport of Gas, natural HEAT Transport of Transport of297waste, unspecified, inert to Ian delivered UK natural gas Waste, unspecified, inert to Ian chemicals organic298 0.00000 0.00000 0.00000299 0.00000 0.00000 0.00000300 0.00000 0.00000 0.00000301 0.00028 0.00000 0.00000302 0.00000 0.00000 0.00000303 0.00009 0.00000 0.00000304 0.00042 0.00000 0.00000305 0.00000 0.00000 0.00000306 0.12247 0.00001 0.00001307 0.00000 0.00000308 0.00000 0.00000 0.00000309 0.29700 0.00001 0.00001310 0.00008 0.00000 0.00000311 0.00002 0.00000 0.00000312 0.08053 0.00000313 0.00000 0.00000 0.00000314 313.10658 0.03804 0.03611315 0.00008 0.00000 0.00000316 0.00034 0.00000 0.00000317 0.00003 0.00000 0.00000318319 0.00007 0.00000 0.00000320 0.00000 0.00000 0.00000321 0.00000322 0.00000 0.00000 0.00000323 0.00004 0.00000 0.00000324 0.00056 0.00000 0.00000325326327328 0.00000 0.00000 0.42013 0.00000 0.00000329 1348.30926 0.00000 0.16015 0.09793
Z AA AB AC AD AE
291 0.00005 0.00000 0.00002 0.00002 0.00033 0.00001
292 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
293 0.00013 0.00000 0.00005 0.00000 0.00088 0.00000
294 0.00002 0.00000 0.00001 0.00000 0.00012 0.00000
295 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
296 Transport of T ransport of Transport of Transport of Transport of Transport of
297 chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03) Starch
298 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
299 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
300 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
301 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
302 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
303 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
304 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
305 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
306 0.00109 0.00000 0.00045 0.00007 0.00736 0.00002
307 0.00000 0.00000 0.00001
308 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
309 0.00086 0.00000 0.00035 0.00004 0.00579 0.00001
310 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
311 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
312 0.00000 0.00000 0.00000
313 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
314 3.74470 0.01480 1.53455 0.24343 25.24094 0.06318
315 0.00000 0.00000 0.00000 0.00000 0.00002 0.00000
316 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
317 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
318
319 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
320 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
321 0.00000 0.00000 0.00000
322 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
323 0.00000 0.00000 0.00000 0.00000 0.00001 0.00000
324 0.00007 0.00000 0.00003 0.00000 0.00045 0.00000
325
326
327
328 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000
329 15.76494 0.04013 6.46037 0.66007 106.26276 0.17130
AF AG AH Al AJ
291 0.00009 0.00000 0.00000 0.00000
292 0.00000 0.00000 0.00000 0.00000
293 0.00023 0.00000 0.00001 0.00000
294 0.00003 0.00000 0.00000 0.00000
295 0.00000 0.00000 0.00000 0.00000
296 Transport of Transport of Transport of Transport of Transport of
297 Starch sodium chloride (produced) sodium chloride (produced) of diesel UK 100% recycled graphics paper
298 0.00000 0.00000 0.00000 0.00000
299 0.00000 0.00000 0.00000 0.00000
300 0.00000 0.00000 0.00000 0.00000
301 0.00000 0.00000 0.00000 0.00000
302 0.00000 0.00000 0.00000 0.00000
303 0.00001 0.00000 0.00000 0.00000
304 0.00000 0.00000 0.00000 0.00000
305 0.00000 0.00000 0.00000 0.00000
306 0.00191 0.00000 0.00009 0.00000
307 0.00000 0.00000 0.00000
308 0.00000 0.00000 0.00000 0.00000
309 0.00150 0.00000 0.00007 0.00000
310 0.00000 0.00000 0.00000 0.00000
311 0.00000 0.00000 0.00000 0.00000
312 0.00000 0.00000 0.00000
313 0.00000 0.00000 0.00000 0.00000
314 6.55062 0.00290 0.30049 0.01051
315 0.00000 0.00000 0.00000 0.00000
316 0.00000 0.00000 0.00000 0.00000
317 0.00000 0.00000 0.00000 0.00000
318
319 0.00000 0.00000 0.00000 0.00000
320 0.00000 0.00000 0.00000 0.00000
321 0.00000 0.00000 0.00000
322 0.00000 0.00000 0.00000 0.00000
323 0.00000 0.00000 0.00000 0.00000
324 0.00012 0.00000 0.00001 0.00000
325
326
327
328 0.00000 0.00000 0.00000 0.00000 0.00000
329 27.57772 0.00786 1.26503 0.04452
AK AL AM AN AO AP AQ
291 0.02859 0.00083 0.02129
292 0.00018 0.00004 0.00009
293 0.00000 0.00000
294 0.00633 0.00023 0.00143 0.00615
295 0.00000 0.00000
296 Cardboard Film, Pallets Transport of Transport of Transport of
297 (packaging) UPVC paper wooden Pallets - wooden paper PACKAGING Film, UPVC
298 0.00001 0.00000
299 0.00000 0.00000
300 0.00001 0.00001
301 0.00017 0.00015
302 0.00000 0.00000
303 0.00012 0.00004
304 0.00002 0.00001
305 0.00000 0.00000
306 0.10587 0.00307 0.02747 0.07266
307 0.00114 0.00027
308 0.00000 0.00000
309 0.00891 0.00650 0.00000
310 0.00010 0.00018
311 0.00002 0.00001
312 0.08006
313 0.00000 0.00000
314 1186.94809 11.08146 350.84490 23.32893
315 0.00015 0.00005
316 0.00001 0.00001
317 0.00003 0.00001
318
319 0.00003 0.00003
320 0.00000 0.00000
321 0.00000
322 0.00006 0.00001
323 0.04632 0.00005 0.00362 0.00001
324 0.20648 0.00062 0.02901 0.00001
325
326
327
328 0.00000 0.00067 0.00000 -0.00004 0.00000 0.00000 0.00000
329 575.57476 22.48688 213.05722 539.46279
AR AS AT
291 0.00055 0.11886
292 0.00000 0.00001
293 0.00145 0.10158
294 0.00019 0.01369
295 0.00000 0.00000
296 Transport of Transport of manufactured
297 cardboard (packaging) 100% recycled graphics paper pulpLPFL1_AA
298 0.00000 0.00001
299 0.00000 0.00000
300 0.00000 0.00002
301 0.00003 0.00080
302 0.00000 0.00000
303 0.00004 0.00022
304 0.00002 0.00022
305 0.00000 0.00000
306 0.01204 -16.63895
307 0.00001 1.50861
308 0.00000 0.00000
309 0.00947 0.13754
310 0.00002 0.00062
311 0.00000 0.00007
312 0.00000 0.02338
313 0.00000 0.00000
314 41.30410 6508.66229
315 0.00003 0.00029
316 0.00002 0.00018
317 0.00000 0.00006
318 0.20209
319 0.00001 0.00017
320 0.00000 0.00000
321 0.00000 0.00001
322 0.00000 0.00002
323 0.00002 0.71605
324 0.00074 2.83123
325 99.91216
326 0.63423
327 1.48940
328 0.00000 0.00000 526.28646
329 173.88767 5282.43778
Inventory o f  Impacts fo r  LPfL 6Base Case* with avoided burdens
A B C D E
1 FullName Flow Name Unit Element Type
2
3 Input 100% recycled graphics paper in kg I I
4 Input cardboard  (packaging) in kg I I
5 Input chem icals inorganic in kg I I
6 Input chem icals organic in kg I I
7 Input diesel UK in kg I I
8 Input Film, UPVC in kg . j I I
9 Input G as, natural, delivered UK in kg I I
10 Input Limestone (C aC 03) in kg I I
11 Input Pallets - w ooden in kg I I
12 Input paper in kg I I
13 Input pulpLPFLI.AA in kg I I
14 Input sodium chloride (produced) in kg I I
15 Input Starch in kg I I
16 Input w aste  (unspecified) to landfill in kg I I
17 Input w aste, unspecified, inert to landfill in kg I I
18 Input H eat - Content (G as) in MJ I I
19 Input freighter, transocean ic tonne.km I I
20 Input truck, 17, 25t, Rigid, AvRoad, t.km tonne, km I I
21 Input truck, 17, 25t, Rigid, highway, t.km tonne, km I I
22 Input minor constituents (unspecified) kg I E
23 Input p rocessed  w ater kg I E
24 Input w aste  m aterials kg I E
25 Input Road transport (rural) km I E
26 Input Road transport (unspecified) km I E
27 Input Road transport (urban) km I E
28 Input Electricity (Hydro) MJ I E
29 Input Electricity (Nuclear) MJ I E
30 Input air used  (unspecified) kg I N
31 Input barite kg I N
32 Input bauxite kg I N
33 Input bentonite kg I N
34 Input Biotic reserves kg I N
35 Input chromium reserves kg I N
36 Input coal reserves (unspecified) kg I N
37 Input cobalt reserves kg I N
38 Input copper reserves kg I N
39 Input fresh w ater kg I N
40 Input g as  reserves kg I N
41 Input hard coal reserves kg I N
42 Input iron reserves kg I N
43 Input lead reserves kg I N
44 Input lignite reserves kg I N
45 Input lim estone kg I N
46 Input m an g an ese  reserves kg I N
47 Input mineral reserv es  (unspecified) kg I N
48 Input molybdenum reserves kg I N
49 Input nickel reserves kg I N
50 Input 0 2 kg I N
51 Input oil rese rves kg I N
52 Input other inputs kg I N
53 Input palladium reserves kg I N
54 Input platinum reserves kg I N
55 Input reserves (unspecified) kg I N
56 Input rhenium reserves kg I N
57 Input rhodium reserves .k9 I N
F G H I J K L
1 Total 04 100% recycled 36 waste, unspecified, 41 chemicals 42 chemicals 43 diesel UK 46 sodium
2 papermaking inert to landfill inorganic organic chloride (produced)
3 1000
4 38.72000061 19.36
5 25.53440047 12.7672
6 62.31039905 31.1552
7 2 1
8 1.039999981 0.52
9 211.98475
10 420 210
11 48.79999962 24.4
12 20.63999969 10.32
13 695 695
14 5 2.5
15 109 54.5
16 6.139999866 6.139999866
17 6.139999866
18 10652.5 10652.5
19 7.462137589
20 381.1410365
21 0.05
22 46.57433153
23 9.511132529
24 0.007375371
25 18.41361866
26 26.21918696
27 21.7375817
28 34.7677885
29 57.88864679
30 5298.902593
31 0.82830758 0.0098939 0.0398406 0.0052205 0.00021575
32 0.080582083 0.0015365 0.0258043 0.0002974 0.000193
33 0.105102907 0.0011605 0.0133313 0.0004109 0.00003725
34 155.9484612
35 0.002197374 4.737E-05 0.0006823 9.608E-06 0.0000047
36 13.19545407
37 5.79633E-08 6.106E-10 3.17E-09 3.6E -11
38 0.026517132 0.0007431 0.0090842 7.737E-05 0.000020975
39 13350.23 7850
40 303.7919058 0.1252746 1.662146 0.0417646 0.023406266
41 24.98543176 0.3551261 9.222749 0.0424544 0.04061075
42 4.316185842 0.0208248 0.1413085 0.0080631 0.001615375
43 0.001566879 4.954E-05 0.0006262 5.213E-06 0.0000059
44 23.45141058 0.4477291 12.09853 6.309E-06 0.014101125
45 -227.9931605 0.0396016 0.4034505 0.0166637 0.002731875
46 0.000803399 1.199E-05 0.0001231 5.236E-06 1 9475E-06
47 255.5666841
48 1.56435E-08 4.928E -11 1.969E-10 5.771 E-10 1.3975E-11
49 0.001272302 3.051 E-05 0.0004798 4.407E-06 0.00000255
50 -88.38545095 52.580302 0.521919 0.2714511
51 54.59736996 1.172029 7.769172 1.1002003 0.035
52 21.52275424 2.929E-14 2.218E-16 1.135E-16
53 4.78258E-10 3.588E-12 9.658E-12 1 595E-12 1.47E-12
54 1.22601E-09 1.242E-11 2.277E -11 6.43E-12 5.875E-12
55 41.77735146 31.155199
56 2.34695E-10 1.164E-12 4.891 E-12 3.755E-13 3.525E-13
57 3.33905E-10 1.685E-12 7.259E-12 5.277E-13 4.95E-13
M N 0 P Q R
1 47 Limestone 48 Starch 50 Transport 51 Transport 52 Transport of 53 Transport
2 (CaC03) of chemicals organic of chemicals inorganic Limestone (CaC03) of Starch
3
4
5 12.76720047
6 31.15519905
7
8
9
10 210
11
12
13
14
15 54.5
16
17
18
19 0.747724777 0.306412811 5.04 1.308
20 18.13232585 7.430510674 122.22 31.719
21
22 0.021 36.05219
23 2.067126 7.017175
24
25
26
27
28 8.324352 24.64209
29 13.86485 41.03388
30 5.488289 39.70903
31
32 0.000435 0.003897
33
34 0.228118 64.49328
35
36 2.224331 10.56791
37
38
39
40 0.382995 3.270624
41
42 7.46E-05 0.00073
43
44
45 7.46E-05 0.00073
46
47 238.098 17.46863
48
49
50
51 0.549908 5.399641
52 1.876482 8.892607
53
54
55
56
57
S T U V W X
1 54 Transport of sodium 55 Transport of 61 Transport of waste, 63 Gas, natural, 64 HEAT, 70 Transport of waste,
2 chloride (produced) diesel UK unspecified, inert to Ian delivered UK natural gas unspecified, inert to Ian
3
4
5
6
7 1
8
9 211.9848
10
11
12
13
14 2.5
15
16
17 6.139999866
18
19 0.06
20 1.455 0.184199996
21 0.05
22 5.51802E-27
23
24 1 842E-06
25 0.00614
26 0.0029472
27 0.0031928
28
29
30 4019.827 0.009597282
31 0.493274847 1.44386E-05
32 0.003977624 1.02205E-06
33 0.04659469 1.55148E-06
34
35 0.000188331 2.99134E-08
36 4.50264E-08
37 2.42268E-09 8.71595E-12
38 0.001828274 4.44042E-07
39
40 228.3078718 0.000138955
41 2.906832859 0.000261814
42 1.911162024 7.53177E-05
43 6.30522E-05 2.85568E-08
44 0.004519473 1 34229E-05
45 1.525279964 0.000135864
46 9.83263E-05 1 6028E-08
47 3.90232E-09
48 5.9652E-10 1.61221E-12
49 8.92348E-05 1.40028E-08
50 47.43208415 0.001971756
51 8.12258116 0.003173442
52 8.05695E-15 0.001924441
53 2.47419E-10 4.70178E-15
54 6.20016E-10 1 82426E-14
55 1.1052E-05
56 1.17609E-10 1.2226E-15
57 1.75788E-10 1.73611E-15
Y Z AA AB AC AD
1 71 Transport of 72 Transport of 73 Transport of 74 Transport of 75 Transport of 76 Transport of
2 chemicals organic chemicals organic chemicals inorganic chemicals inorganic Limestone (CaC03) Limestone (CaC03)
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22 5.43184E-25 2.22593E-25 3.6613E-24
23
24 0.000181323 7.43051 E-05 0.0012222
25 0.604410862 0.247683689 4.074
26 0.290117214 0.118888171 1.95552
27 0.314293648 0.128795518 2.11848
28
29
30 0.944739635 0.387148235 6.367968411
31 9.12224E-06 0.00142131 3.73824E-06 0.000582444 0.000061488 0.009580267
32 5.89955E-07 0.000100609 2.4176E-07 4.12289E-05 3.97656E-06 0.000678149
33 1.56274E-06 0.000152725 6.40403E-07 6.25855E-05 1.05336E-05 0.001029432
34
35 1 94408E-08 2.94463E-06 7.96673E-09 1.20669E-06 1.3104E-07 1.98481 E-05
36 4.43232E-06 1.81634E-06 2.98758E-05
37 1.68238E-13 8.57983E-10 6.89429E-14 3.51596E-10 1.134E-12 5.78319E-09
38 2.98342E-07 4.37107E-05 1.22259E-07 1.79124E-05 2.01096E-06 0.00029463
39
40 7.77692E-05 0.013678496 3.18693E-05 0.00560536 0.000524199 0.092199193
41 0.000148902 0.025772538 6.1019E-05 0.01056142 0.001003666 0.17371845
42 0.000126523 0.007414143 5.18481 E-05 0.003038268 0.000852818 0.049974646
43 1.32347E-08 2 .8 1 108E-06 5.42351 E-09 1.15196E-06 8.9208E-08 1.89479E-05
44 6 .8 1 177E-05 0.001321329 2.79142E-05 0.000541472 0.000459144 0.008906346
45 7.4922E-05 0.013374263 3.07026E-05 0.005480687 0.000505008 0.090148523
46 9.57088E-09 1.57777E-06 3.92208E-09 6.46561 E-07 6 .4512E-08 1.06349E-05
47 3.84137E-07 1.57417E-07 2.58926E-06
48 4.68823E-14 1.58703E-10 1.92121E-14 6 .50354E -11 3.16008E-13 1.06973E-09
49 9.57088E-09 1.37841E-06 3.92208E-09 5.64865E-07 6.4512E-08 9 .29113E-06
50 0.006979119 0.194096194 0.002859998 0.079539374 0.047042389 1.308295311
51 0.001921653 0.312388132 0.000787481 0.12801465 0.0129528 2.105635967
52 6.42296E-19 0.189438593 2.63209E-19 0.077630719 4.32936E-18 1.276900993
53 2.79649E-15 4.62835E-13 1.14598E-15 1.89667E-13 1.88496E-14 3.11971 E-12
54 1.10663E-14 1.79577E-12 4.53491 E-15 7.35893E-13 7.4592E-14 1.21043E-11
55 0.00108794 0.000445831 0.0073332
56 6.87159E-16 1.2035E-13 2.81593E-16 4.93188E-14 4.63176E-15 8 .11215E-13
57 9.72042E-16 1.709E-13 3.98337E-16 7.00337E-14 6.552E-15 1.15194E-12
AE AF AG AH Al
i 77 Transport 78 Transport 79 Transport of 80 Transport of 81 Transport of
2 of Starch of Starch sodium chloride (produced) sodium chloride (produced) diesel UK
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22 9.502E-25 4.3587E-26 1 49783E-27
23
24 0.0003172 0.00001455 0.0000005
25 1.0573 0.0485
26 0.507504 0.02328 0.003333333
27 0.549796 0.02522
28
29
30 1.6526394 0.075809148 0.002674864
31 1.596E-05 0.0024863 0.000000732 0.000114051 4.02217E-06
32 1.032E-06 0.000176 4.734E-08 8.0732E-06 2.83291 E-07
33 2.734E-06 0.0002672 1.254E-07 1.22551 E-05 4.29239E-07
34
35 3.401 E-08 5.151E-06 1.56E-09 2.36287E-07 8.30922E-09
36 7.753E-06 3.55665E-07 1 22222E-08
37 2.943E-13 1.501E-09 1.35E-14 6.88475E -11 2.42838E-12
38 5.219E-07 7.646E-05 2.394E-08 3.5075E-06 1 22058E-07
39
40 0.000136 0.0239279 6.24047E-06 0.001097609 3.85418E-05
41 0.0002605 0.0450841 1.19484E-05 0.002068077 7.19048E-05
42 0.0002213 0.0129696 1.01526E-05 0.000594936 2.06035E-05
43 2.315E-08 4.917E-06 1.062E-09 2.25571 E-07 7.85432E-09
44 0.0001192 0.0023114 0.000005466 0.000106028 3.6437E-06
45 0.0001311 0.0233957 0.000006012 0.001073197 3.72081 E-05
46 1 674E-08 2.76E-06 7.68E-10 1 26606E-07 4.45393E-09
47 6.72E-07 3.08245E-08 1 05926E-09
48 8.201 E-14 2.776E-10 3.762E-15 1.27349E-11 4.48999E-13
49 1.674E-08 2.411E-06 7.68E-10 1.10609E-07 3.88786E-09
50 0.0122086 0.3395338 0.000560028 0.015574944 0.000545509
51 0.0033616 0.5464627 0.0001542 0.025067095 0.000883099
52 1.124E-18 0.3313862 5.154E-20 0.015201202 0.000522378
53 4.892E-15 8.096E-13 2.244E-16 3.71395E-14 1.3077E-15
54 1.936E-14 3.141E-12 8.88E-16 1 44098E-13 5.07857E-15
55 0.0019031 0.0000873 0.000003
56 1.202E-15 2.105E-13 5.514E-17 9.65733E-15 3.39269E-16
57 1.7E-15 2.99E-13 7.8E-17 1.37136E-14 4.81659E-16
AJ AK AL AM AN AO AP
1 83 Transport of 100% 84 cardboard 85 Film, 86 paper 88 Pallets - 89 Transport of Pallets 90 Transport of
2 recycled graphics paper (packaging) UPVC wooden wooden paper PACKAGING
3 1000
4
5
6
7
8
9
10
11 24.39999962
12 10.31999969
13
14
15
16
17
18
19
20 200
21
22 10.5011
23 0.42683
24
25
26
27
28 1.80135
29 2.98992
30 23.257
31 0.0141566 0.0104
32 0.0160796 0.0001 0.0046 0.00038
33 0.0038308 0.002
34 91.2271
35 0.0004182 0.0001
36 0.40303
37 5.092E-09 4E-10
38 0.0053875 0.0017
39
40 0.907349 0.2964 0.6791 0.10517
41 1.7796913 0.1924 1.5215
42 0.2067067 0.0006 0.0526 0.00016
43 0.000213 0.0001
44 1.7146533 1.1264
45 0.9576599 0.0082 0.1953 0.00016
46 0.0002827 6E-05
47 3.5E-05
48 6.002E-09 2E-10
49 0.0001551 6E-05
50 -22.84232 4.1551
51 2.5998545 0.2704 1.9046 1.1499
52 6.699E-12 1E-12 0.35253
53 8.17E -11 2E-11
54 1.814E-10 5E-11
55
56 5.208E -11 1E-11
57 6.466E -11 2E-11
AQ AR AS AT
1 91 Transport of 92 Transport of 93 Transport of 100% 94 1 AVBpulpLPFLI AA
2 Film, UPVC cardboard (packaging) recycled graphics paper
3
4 19.36000061
5
6
7
8 0.519999981
9
10
11
12
13
14
15
16
17
18
19
20
21
22 5.99133E-24 1.06749E-23
23
24 0.002 0.00356346
25 6.666666667 5.708917444
26 3.2 20.11759704
27 3.466666667 15.13113707
28
29
30 10.42050141 1190.759818
31 0.015677086 0.225333649
32 0.001109719 0.021195674
33 0.001684556 0.03454477
34
35 3.24793E-05 0.000660956
36 4.88886E-05 8.71064E-05
37 9.46357E-09 2.81659E-08
38 0.000482131 0.006772492
39 5500.23
40 0.15087415 67.70143196
41 0.284271722 8.380742323
42 0.08177818 1.815194482
43 3.10063E-05 0.000441672
44 0.014574286 8.016996258
45 0.147518446 -231.4249023
46 1.74029E-05 0.000191602
47 4.23704E-06 1 25597E-05
48 1.7505E-09 4.668E-09
49 1.52039E-05 0.000417159
50 2.140885798 -174.6540352
51 3.445648776 17.93767117
52 2.089512343 6.418613883
53 5.10508E-12 1.03257E-10
54 1.98073E-11 2.93094E-10
55 0.012 10.59928095
56 1.32747E-12 4.37159E-11
57 1.88503E-12 6.48182E-11
A B C D E
58 Input sand/gravel kg I N
59 Input silver reserves kg I N
60 Input sodium chloride kg I N
61 Input tin reserves kg I N
62 Input uranium reserves kg I N
63 Input w ater (unspecified) kg I N
64 Input wood kg I N
65 Input zeolite kg I N
66 Input zinc reserves kg I N
67 Input biotic products used  (dry weight) kg (ex i I N
68 Input land transform ation ll-lll m2a I N
69 Input land transform ation ll-IV m2a I N
70 Input land transform ation I ll-IV m2a I N
71 Input land u se  (unspecified) m2a I N
72 Input land u se  IV-IV m2a I N
73 Input p rocess energy (biofuel) MJ I N
74 Input p rocess energy (hard coal) MJ I N
75 Input process energy (hydro power) MJ I N
76 Input p rocess energy (lignite) MJ I N
77 Input p rocess energy (natural gas) MJ I N
78 Input process energy (nuclear) MJ I N
79 Input process energy (oil) MJ I N
80 Input process energy (unspecified) MJ I N
81 Input extracted energy (biofuel) MJ (ex.) I N
82 Input extracted energy (hard coal) MJ (ex.) I N
83 Input extracted energy (hydro power) MJ (ex.) I N
84 Input extracted energy (lignite) MJ (ex.) I N
85 Input extracted energy (natural gas) MJ (ex.) I N
86 Input extracted energy (nuclear) MJ (ex.) I N
87 Input extracted energy (oil) MJ (ex.) I N
88 Input extracted energy (unspecified) MJ (ex.) I N
89 Output 100% recycled graphics paper kg 0 I
90 Output cardboard  (packaging) kg 0 I
91 Output chem icals inorganic kg 0 I
92 Output chem icals organic kg 0 I
93 Output diesel UK kg 0 I
94 Output Film, UPVC kg 0 I
95 Output Limestone (C aC 03) kg 0 I
96 Output natural g as  delivered UK kg 0 I
97 Output Pallets - wooden kg 0 I
98 Output paper kg 0 I
99 Output pulpLPFLI kg 0 I
100 Output sodium chloride (produced) kg 0 I
101 Output Starch kg 0 I
102 Output UPVC Film kg 0 I
103 Output w aste, unspecified, inert to landfill kg 0 I
104 Output H eat - C ontent (G as) MJ 0 I
105 Output 17-25 Rigid-AvRoad tonne, km 0 I
106 Output 17-25 Rigid-highway tonne.km 0 I
107 Output transport, freighter, transocean ic tonne, km 0 I
108 Output m ass discrepancy kg 0 E
109 Output open loop outputs (unspecified) kg 0 E
110 Output p rocess w aste kg 0 E
111 Output solid w aste  (inert) kg 0 E
112 Output solid w aste  (unspecified) kg 0 E
113 Output special w aste kg 0 E
114 Output R ecoverable energy MJ 0 E
F G H I J K L
58 11.87137576
59 0.000133594 6.077E-06 7.29E-06 3.328E-06 1 0475E-07
60 12.21103004 0.0013234 0.0084353 0.0005665 2.50055
61 7.42393E-05 3.383E-06 4.05E-06 1 849E-06 5.825E-08
62 0.001655841 3.039E-05 0.0008225 7.782E-07 9.625E-07
63 8329.621229 398.57157 1754.7449 9.1528393 7.8506
64 0.281260004 0.0098818 0.1666803 0.0012873 0.0006725
65 0.001461758 0.000143 0.0001626 3.028E-05 0.00000183
66 7.61589E-05 1 135E-06 4.829E-06 6.788E-07 4.575E-08
67 45.52362878 0.1333443 0.000538
68 19.94237624 0.2471487 3.0353233 0.0859825 0.00728025
69 2.467206182 0.022224 0.1100134 0.0113511 0.001539925
70 2.313340053 0.0093624 0.0376623 0.0049116 0.00223385
71 0.452223076
72 0.024441348 0.0049658 0.0002172 2 .547E-05 0.0000525
73 -8463.118083 0.1828135 2.666885 0.0205964 0.01076
74 733.791882 6.3922692 275.76018 1.269385 1.2142615
75 99.51699546 52.963838 0.0223378 0.063
76 260.0735287 3.581833 136.47142 7 .1 16E-05 0.1590607
77 15172.04108 7.1456627 89.938704 2.25988 1.266513
78 647.9401814 27.347343 294.45402 0.2785882 0.344575
79 2262.176034 49.928436 38.060749 49.50901 1.575
80 1406.034047
81 729.7535757 0.1828135 2.666885 0.0205964 0.01076
82 733.7977741 6.3922692 275.76018 1.269385 1.2142615
83 102.3542422 0.9345591 52.963838 0.0223378 0.063
84 260.0735287 3.581833 136.47142 7 .1 16E-05 0.1590607
85 16234.76371 7.1456627 89.938704 2.25988 1.266513
86 647.9401814 27.347343 294.45402 0.2785882 0.344575
87 2128.944716 49.928436 349.61274 49.50901 1.575
88 1908.892951
89 2000 1000
90 38.72000122
91 25.53440094 12.7672
92 62.3103981 31.155199
93 2 1
94 0.519999981
95 420
96 211.9847459
97 48.79999924
98 20.63999939
99 695
100 5 2.5
101 109
102 0.519999981
103 12.27999987 6.14
104 10652.5
105 381.1410365
106 0.05
107 7.462137589
108 116.1391423 52 -0.014736 0.01502 -0.015358 0.032237556
109 81.26919889
110 -2.264024171 0.013815
111 23.16089351
112 20.7471356 0.0002426 14.86103
113 0.001872516
114 -562.83741
M N 0 P Q R
58
59
60 0.000173 0.001566
61
62
63 226.5812 1884.595
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80 119.9065 751.1115
81
82
83
84
85
86
87
88 121.0744 766.851
89
90
91 12.76720047
92 31.15519905
93
94
95 210 210
96
97
98
99
100
101 54.5 54.5
102
103
104
105
106
107
108 -0.000104 0.005251
109 3.184728 77.49982
110
111
112
113
114
S T U V W X
58 0.002196373
59 2.45865E-05 9.23237E-09
60 0.005069535 1.72465E-06
61 1.36642E-05 5 .12914E-09
62 3.06996E-05 5.00305E-09
63 313.106575 0.038041397
64
65 5.40089E-05 8.41628E-08
66 7.77934E-06 2.02174E-09
67 0.046004216 7.11936E-06
68 9.391396349 0.000246759
69 0.891376076 3.18823E-05
70 1.53151307 1.40025E-05
71 8.36713E-05
72 0.000275236 8.87788E-08
73 0.736067426 0.00011391
74 86.91429699 0.007828201
75 0.856222703 0.00018129
76 0.050979576 0.000151411
77 883.2450432 10652.5 0.007248104
78 10.99046979 0.001796641
79 365.5161821 0.142772346
80 5.86407E-05
81 0.736067426 0.00011391
82 86.91429699 0.007828244
83 0.856222703 0.00018129
84 0.050979576 0.000151411
85 12353.73965 0.007300583
86 10.99046979 0.001796641
87 365.5161821 0.142772346
88 0.000252586
89
90
91
92
93 1
94
95
96 211.9847459
97
98
99
100 2.5
101
102
103 6.139999866
104 10652.5
105 0.184199996
106
107
108 14.86893599 -2 .31108E-05
109 6.20175E-05
110 4.58883E-07
111 0.004283973
112 0.394143 7.4103E-05
113 1 2894E-10
114
Y Z AA AB AC AD
58 0.21620709 0.088600277 1.457332654
59 5.6528E-09 9.08819E-07 2.31648E-09 3.72428E-07 3.81024E-08 6.12585E-06
60 1.03934E-06 0.000169771 4.25914E-07 6 .95713E-05 7.0056E-06 0.001144336
61 3.14044E-09 5.04904E-07 1 28693E-09 2.06906E-07 2 .1 168E-08 3.40328E-06
62 4.64337E-09 4.92492E-07 1.90282E-09 2.0182E-07 3.12984E-08 3 .31961E-06
63 0.036114658 3.744728659 0.014799555 1.534565753 0.243428976 25.24114891
64
65 1 33095E-07 8.28484E-06 5.45415E-08 3.39508E-06 8.9712E-07 5.58435E-05
66 1.1515E-09 1.99016E-07 4.71876E-10 8.15556E-08 7.7616E-09 1.34146E-06
67 3.70124E-06 0.000700818 1.51674E-06 0.000287191 0.000024948 0.004723825
68 0.000159879 0.024290479 6.55172E-05 0.009954082 0.001077653 0.163728713
69 1 98147E-05 0.003138441 8 .1 1994E-06 0.001286113 0.00013356 0.021154498
70 8.44929E-06 0.00137838 3.46246E-06 0.000564851 0.000056952 0.009290899
71 0.008236461 0.003375249 0.055517434
72 1.30104E-07 8.73923E-06 5.33158E-08 3.58128E-06 8.7696E-07 5.89063E-05
73 5.92198E-05 0.011213081 2.42679E-05 0.004595049 0.000399168 0.075581191
74 0.004451953 0.770594467 0.001824382 0.315784663 0.03000816 5.194151955
75 0.000301333 0.017845877 0.000123484 0.007313126 0.00203112 0.120289205
76 0.000768661 0.014904587 0.000314992 0.006107804 0.00518112 0.100463593
77 0.004208195 0.713490692 0.001724491 0.292383903 0.02836512 4.809246929
78 0.001662327 0.176858189 0.000681211 0.07247535 0.011204827 1.192103431
79 0.08647437 14.05426036 0.035436642 5.759345628 0.582876 94.73201151
80 0.005772488 0.002365529 0.038909156
81 5.92198E-05 0.011213081 2.42679E-05 0.004595049 0.000399168 0.075581191
82 0.004451953 0.770598698 0.001824382 0.315786397 0.03000816 5.194180473
83 0.000301333 0.017845877 0.000123484 0.007313126 0.00203112 0.120289205
84 0.000768661 0.014904587 0.000314992 0.006107804 0.00518112 0.100463593
85 0.004208195 0.718656592 0.001724491 0.294500856 0.02836512 4.844067407
86 0.001662327 0.176858189 0.000681211 0.07247535 0.011204827 1.192103431
87 0.08647437 14.05426036 0.035436642 5.759345628 0.582876 94.73201151
88 0.02486414 0.010189165 0.167595442
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105 18.13232585 7.430510674 122.22
106
107 0.747724777 0.306412811 5.04
108 3 .90113E-05 -0.002274984 1 59866E-05 -0.000932274 0.000262954 -0.01533441
109 0.006104894 0.002501747 0.041149724
110 4.51716E-05 1.8511 E-05 0.000304477
111 0.421706781 0.172812731 2.842492643
112 0.007294572 0.002989269 0.049168685
113 1.26926E-08 5.20136E-09 8.5554E-08
114
AE AF AG AH Al
58 0.3782125 0.017349198 0.000596192
59 9.888E-09 1.59E-06 4.536E-10 7.29267E-08 2.57167E-09
60 1.818E-06 0.000297 8.34E-08 1.3623E-05 4.79313E-07
61 5.494E-09 8.832E-07 2.52E-10 4.05152E-08 1.42872E-09
62 8.123E-09 8.615E-07 3.726E-10 3.95192E-08 1.37339E-09
63 0.0631756 6.5506791 0.002897964 0.300489868 0.010506527
64
65 2.328E-07 1 449E-05 1.068E-08 6 .64804E-07 2.34424E-08
66 2.014E-09 3.481 E-07 9 .24E -11 1.59698E-08 5.62169E-10
67 6.475E-06 0.0012259 0.000000297 5.6236E-05 1.95788E-06
68 0.0002797 0.0424915 1 28292E-05 0.001949151 6.8676E-05
69 3 .466E-05 0.0054901 0.00000159 0.000251839 8.87802E-06
70 1 478E-05 0.0024112 0.000000678 0.000110606 3.89771 E-06
71 0.0144081 0.000660922 2.27121 E-05
72 2.276E-07 1.529E-05 1.044E-08 7.01266E-07 2.46006E-08
73 0.0001036 0.0196151 0.000004752 0.000899776 3.13261 E-05
74 0.0077878 1.3480061 0.00035724 0.061835142 0.00214994
75 0.0005271 0.0312179 0.00002418 0.001432014 4.96504E-05
76 0.0013446 0.0260727 0.00006168 0.001195995 4 .1 1009E-05
77 0.0073614 1.2481141 0.00033768 0.05725294 0.002012
78 0.0029079 0.3093792 0.000133391 0.014191708 0.000493179
79 0.1512702 24.585213 0.006939 1.127762042 0.039730599
80 0.0100979 0.000463204 1.59177E-05
81 0.0001036 0.0196151 0.000004752 0.000899776 3.13261 E-05
82 0.0077878 1.3480135 0.00035724 0.061835482 0.002149952
83 0.0005271 0.0312179 0.00002418 0.001432014 4.96504E-05
84 0.0013446 0.0260727 0.00006168 0.001195995 4 .1 1009E-05
85 0.0073614 1.2571508 0.00033768 0.057667469 0.002026245
86 0.0029079 0.3093792 0.000133391 0.014191708 0.000493179
87 0.1512702 24.585213 0.006939 1.127762042 0.039730599
88 0.043495 0.001995184 6.8563E-05
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105 31.719 1.455
106 0.05
107 1.308 0.06
108 6.824E-05 -0.00398 3.1304E-06 -0.000182552 -6.6937E-06
109 0.0106793 0.000489878 1 68343E-05
110 7.902E-05 3.62473E-06 1.24561 E-07
111 0.7376945 0.033839198 0.001162859
112 0.0127604 0.000585341 2 .0 1 148E-05
113 2.22E-08 1.0185E-09 3.5E-11
114
AJ AK AL AM AN AO AP
58 0.0005
59 1.601E-05 6E-06
60 0.1533124 0.3639 0.0339 0.00017
61 8.886E-06 3E-06
62 0.0001196 8E-05
63 1186.9481 11.081 350.84 0.90606
64
65 9.777E-05 0.0001
66 3.659E-05 6E-06
67 37.24264 7.9781
68 0.6447984 0.4057
69 0.7453329 0.1752
70 0.1338622 0.0277
71
72 0.0045602 0.004
73 285.90849
74 53.212762 5.3102 45.494
75 8.1892803 0.48 4.9536
76 19.341289 12.706
77 49.096652 7.8858 36.748
78 42.83284 5.1262 27.451
79 116.99345 3.575 85.705
80 0.1097 534.672
81 595.88223 0 127.65
82 53.212762 5.316 45.494
83 8.1892803 0.48 4.9536
84 19.341289 0 12.706
85 49.096652 15.768 36.748
86 42.83284 5.1262 27.451
87 116.99345 12.377 85.705
88 0.1097 1019.85
89 1000
90 19.360001
91
92
93
94
95
96
97 24.4 24.39999962
98 10.32 10.31999969
99
100
101
102 0.52
103
104
105
106
107
108 -4.938892 -0.741 -6.378 -5.8E-06
109 0.0274 0.30897
110
111 0.0071
112 0.0107
113 0.0019
114
AQ AR AS AT
58 2.384769521 7.32559193
59 1.00243E-05 5.13475E-05
60 0.001872584 9.138455849
61 5.5691 E-06 2.85444E-05
62 5.43219E-06 0.000563795
63 41.3044492 2106.152719
64 0.102738099
65 9.1382E-05 0.000669814
66 2.19516E-06 1 53014E-05
67 0.007730035 0.108250512
68 0.267924583 5.612504653
69 0.034617081 0.444010264
70 0.015203565 0.537005622
71 0.090848363 0.279070169
72 9.6394E-05 0.010185683
73 0.123680562 -8752.880016
74 8.499675921 241.9803033
75 0.196840461 31.61057966
76 0.164397959 87.44187105
77 7.86981988 3426.912962
78 1.950750173 235.3809706
79 155.0188374 1254.99026
80 0.063670686 0.113443979
81 0.123680562 2.368584421
82 8.499722587 241.9803864
83 0.196840461 33.51326734
84 0.164397959 87.44187105
85 7.92679988 3663.649707
86 1.950750173 235.3809706
87 155.0188374 801.4054319
88 0.274252073 0.488643179
89
90 19.36000061
91
92
93
94 0.519999981
95
96
97
98
99 695
100
101
102
103
104
105 200
106
107
108 -0.025093127 61.35313415
109 0.067337136 0.119976604
110 0.000498244 -2.278788802
111 4.65143617 14.28839264
112 0.080459311 5.327656732
113 0.00000014 2.49442E-07
114 -562.83741
A B C D E
115 Output landfill volume (dm3) dm3 O N
116 Output radioactive (air) kBq O N
117 Output radioactive (water) kBq O N
118 Output acetaldehyde O N
119 Output acetic  acid
________
kg O N
120 Output acetone O N
121 Output acid (unspecified) (waterborne) kg O N
122 Output acrolein kg O N
123 Output Ag (waterborne) kg 0 N
124 Output air (unspecified) kg 0 N
125 Output Al kg 0 N
126 Output Al (waterborne) kg 0 N
127 Output a ldehydes (unspecified) kg 0 N
128 Output alkanes (unspecified) kg 0 N
129 Output alkanes (unspecified) (w aterborne) kg 0 N
130 Output a lkenes (unspecified) kg 0 N
131 Output a lkenes (unspecified) (w aterborne) kg 0 N
132 Output anim al/vegetable oil kg 0 N
133 Output arom atics (unspecified) kg 0 N
134 Output arom atics (unspecified) (waterborne) kg 0 N
135 Output As kg 0 N
136 Output As (soil) kg 0 N
137 Output As (waterborne) kg 0 N
138 Output B kg 0 N
139 Output B (waterborne) kg 0 N
140 Output Ba kg 0 N
141 Output Ba (waterborne) kg 0 N
142 Output barite (waterborne) kg 0 N
143 Output Be kg 0 N
144 Output Be (waterborne) kg 0 N
145 Output benzaldehyde kg 0 N
146 Output benzene kg 0 N
147 Output b en zen e  (waterborne) kg 0 N
148 Output benzo(a)pyrene ks . 0 N
149 Output Br2 kg 0 N
150 Output butane (unspecified) kg 0 N
151 Output butene kg 0 N
152 Output Ca kg 0 N
153 Output Ca (waterborne) kg 0 N
154 Output Cd kg 0 N
155 Output Cd (soil) kg 0 N
156 Output Cd (waterborne) kg 0 N
157 Output chlorides (waterborne) kg 0 N
158 Output chlorobenzene (w aterborne) kg 0 N
159 Output CI2 kg 0 N
160 Output CO kg 0 N
161 Output C 0 2  (non renew able) kg 0 N
162 Output C 0 2  (renew able) kg 0 N
163 Output C 0 2  (unspecified) kg 0 N
164 Output cobalt kg 0 N
165 Output cobalt (waterborne) kg 0 N
166 Output Cr (unspecified) kg 0 N
167 Output Cr (unspecified) (w aterborne) kg 0 N
168 Output Cr-lll (waterborne) kg 0 N
169 Output Cr-VI (waterborne) kg 0 N
170 Output C s (waterborne) kg 0 N
171 Output Cu kg 0 N
F G H I J K L
115 -1040.009864 6.815399852
116 139956.1625 1301.3735 71536.716 67.679088 83.82665243
117 1396.902383 63.431457 658.56068 2.993E-06 0.772154523
118 8.6175E-05 1.129E-05 1.829E-05 6.589E-08 0.000000124
119 0.000359503 4.558E-05 8.381 E-05 2.853E-07 0.000000645
120 8.96795E-05 1.129E-05 1 823E-05 6 .624E-08 1 2325E-07
121 0.000472248 1.966E-07 3.271 E-06 1 065E-08
122 1.87723E-06 5.669E-10 3.365E-09 2.512E-10 1.785E-10
123 1.48252E-06 6.205E-08 2.362E-07 3.3E-08 1 0525E-09
124 4804.470854
125 0.001475465 2.154E-05 0.0005728 2.163E-06 5.82048E-06
126 0.040059777 0.0005758 0.0149514 6.823E-05 0.000065
127 1 32308E-06 2 .426E-08 6.574E-07 6 .2 1 1E-10 7.7E-10
128 0.001324771 8.477E-05 0.0001795 2.101 E-05 0.00000157
129 0.000848807 1.341 E-05 5.078E-05 7.152 E-06 2.3275E-07
130 0.000146254 4.25E-06 5.672E-05 1.531 E-07 3.53225E-07
131 7.73188E-05 1.219E-06 4.611 E-06 6.492E-07 2 .1 125E-08
132 0.000745998 1.57E-07 2.664E-06 2.011 E-08 1 0325E-08
133 5.03463E-05 1 065E-05 1 086E-06 4.714E-08 1 05573E-07
134 0.002191481 6.23E-05 0.0002368 3.313E-05 1 0975E-06
135 9.8546E-06 1.043E-06 2.152E-06 2.166E-08 2.38125E-08
136 0.0030163
137 7.99086E-05 1.2894E-08 1.231 E-06 2.997E-05 1 807E-07 1 3125E-07
138 0.000875595 1.609E-05 0.0004362 1.717E-07 1 02255E-06
139 0.000115222 3.983E-06 2.564E-05 1 826E-06 7.925E-08
140 1.95149E-05 2.918E-07 7.812E-06 2.554E-08 7.09258E-08
141 0.009331386 0.0003039 0.0021466 0.0001434 0.00000955
142 0.161343972 0.0019272 0.0077604 0.0010169 0.000042
143 2.1029E-07 2.917E-09 7.809E-08 2.612E-10 1.12221E-09
144 2.10183E-08 3.868E-10 1 044E-08 9.915E-12 1 2225E -11
145 9.80202E-07 2.962E-10 1.748E-09 1.312E-10 9.325E -11
146 0.000473617 1 632E-05 5.726E-05 8.266E-06 9.81825E-07
147 0.000851141 1 353E-05 5.078E-05 7.256E-06 2.3525E-07
148 3.58706E-07 3.325E-09 1.751 E-08 3.322E-10 1 3575E-10
149 6.40868E-05 1.041 E-06 2.808E-05 7.911 E-08 1.35788E-07
150 0.003902888 0.0001505 0.0002776 8.056E-05 0.00000369
151 7.45241 E-05 3.485E-06 4.206E-06 1.905E-06 0.000000063
152 0.000793649 1.973E-05 0.0003692 5.008E-07 1.10896E-06
153 0.119210943 0.0040329 0.0250753 0.0019537 0.000106
154 1.22938E-05 2.462E-06 8.503E-07 3.801 E-08 2.569E-08
155 0.000279008
156 0.000125244 0.0001225 1.2894E-08 1 443E-07 1.044E-06 6.439E-08 5 .325E-09
157 1.515808235 0.00054339 0.0590234 0.2944774 0.0299864 0.0015911
158 5.63749E-12 2.834E-14 1.533E-13 6.055E-15 5.75E-15
159 1.45314E-14 1.724E-15
160 0.711238769 0.0025832 0.009741 0.0007229 0.000293653
161 805.8697102
162 -298.1587868
163 146.4579114 7.7367205 48.19861 0.4784257 0.248830175
164 2.04007E-05 2.582E-06 4.443E-06 4.14E-08 3.01988E-08
165 7.90574E-05 1.131 E-06 2.938E-05 1 .355E-07 1 .2925E-07
166 2.15046E-05 1.362E-06 4.286E-06 4.198E-08 3.11 E-08
167 1.10556E-05 5.526E-08 6.628E-06
168 0.000446832 0.0001514 1.171 E-06 0.00000067
169 9.41501E-08 3.832E-08 1 536E-10 4.025E-10
170 2.46221 E-06 1.032E-07 3.894E-07 5.5E-08 1.7475E-09
171 9.27666E-05 4.536E-06 1.069E-05 4.82E-07 1 23038E-07
M N 0 P Q R
115 0.300439 19.55251
116
117
118
119
120
121 4.24E-05 0.000379
122
123
124 0.242917 45.85777
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157 5.31 E-06 5.23E-05
158
159 2.23E-15 6.59E-15
160 0.004683 0.044725
161 7.827809 52.79053
162 0.271745 2.03138
163
164
165
166
167
168
169
170
171
S T U V W X
115 7.05831 E-06
116 2677.530008 0.435199079
117 0.000543311 0.000721199
118 1.37121E-06 2.79134E-10
119 7.98702E-06 1.1689E-09
120 1 40352E-06 3.07096E-10
121 5.67704E-10
122 2.10217E-08 1.15243E-11
123 2 .43606E-07 9 .11394E-11
124 3690.665 9.71594E-14
125 9.59158E-05 1.20394E-08
126 0.004658993 4 .18804E-07
127 2.46749E-08 3.99078E-12
128 0.000166505 5.90769E-08
129 0.00046239 1.97546E-08
130 7.07201 E-06 8.66761 E-10
131 4.21728E-05 1.79313E-09
132 7.34198E-07 1.12549E-10
133 5.68877E-07 1 54502E-10
134 0.000788339 9.15218E-08
135 6.03335E-07 8.65293E -11
136
137 9.82154E-06 9.63956E-10
138 7.22385E-06 1.38977E-09
139 1.68268E-05 5.2774E-09
140 1.16442E-06 1.45904E-10
141 0.001390739 4.14335E-07
142 0.096083941 2.81246E-06
143 1.22614E-08 1 49724E-12
144 3.91393E-10 6.35991 E-14
145 1.09697E-08 6.00895E-12
146 7.76731 E-05 2.32941 E-08
147 0.000462326 2.00404E-08
148 4.32276E-08 2.07214E-12
149 3.19208E-06 4.47882E-10
150 0.000978479 2.23608E-07
151 1 40587E-05 5.27218E-09
152 1.56439E-05 2.59946E-09
153 0.019884804 5.57816E-06
154 5.66475E-07 1.18655E-10
155
156 8.20329E-07 1 93596E-10
157 0.257266303 8.42729E-05
158 3.80356E-12 2.30194E-17
159 1 06928E-27
160 0.05166249 0.063915 2.98991 E-05
161 539.4426 0.008789104
162 7.47177E-14
163 43.47941047 0.001669368
164 7.50165E-07 1.4041 E-10
165 9.29068E-06 8.33336E-10
166 3.75343E-06 2.40441 E-10
167 5.2497E-14
168 8.34323E-05 5.6934E-09
169 6.25407E-09 8.52412E-13
170 4.06214E-07 1 51887E-10
171 7.62947E-06 1.54647E-09
Y Z AA AB AC AD
115 0.000694808 0.000284728 0.004683318
116 0.403642553 42.84023711 0.165410126 17.55565402 2.720731652 288.7623918
117 0.000922737 0.070993594 0.000378132 0.029092719 0.006219662 0.478528629
118 3.59656E-10 2.74775E-08 1 47385E-10 1.12601 E-08 2.42424E-09 1.85211 E-07
119 1 50293E-09 1.15064E-07 6.1589E-10 4.71526E-08 1.01304E-08 7.75585E-07
120 3.62647E-10 3.023E-08 1.4861 E-10 1.23881 E-08 2 .4444E-09 2.03764E-07
121 6.04162E-10 5.58838E-08 2.47582E-10 2.29008E-08 4.07232E-09 3.76682E-07
122 1.54031E-12 1.13443E-09 6.3121E-13 4.64882E-10 1.03824E-11 7.64657E-09
123 5.75748E -11 8.9716E-09 2.35938E -11 3.67651 E-09 3.8808E-10 6.04726E-08
124 9.5642E-12 3.91935E-12 6.4467E -11
125 1 64275E-08 1.18514E-06 6.73189E-09 4.85662E-07 1.10729E-07 7.98837E-06
126 2.40767E-07 4.12263E-05 9.86649E-08 1 68943E-05 1.62288E-06 0.000277884
127 3.70124E-12 3.92846E-10 1.51674E-12 1.60986E-10 2 .4948E -11 2.64796E-09
128 3.68254E-08 5.81542E-06 1 50908E-08 2.38312E-06 2.4822E-07 3.91986E-05
129 1.2487E-08 1.94461 E-06 5 .11709E-09 7.96889E-07 8.4168E-08 1.31076E-05
130 4.75927E-10 8.53224E-08 1.95032E-10 3.49646E-08 3.20796E-09 5.75111 E-07
131 1.12906E-09 1 76512E-07 4.62683E-10 7.23336E-08 7.6104E-09 1.18977E-06
132 5.84721 E-11 1.10791 E-08 2 .39615E-11 4.54016E-09 3.94128E-10 7 .46784E-08
133 2.67274E-10 1.52089E-08 1.09527E-10 6.23251 E-09 1.80155E-09 1.02515E-07
134 5.77991 E-08 9.00925E-06 2 .36857E-08 3.69193E-06 3.89592E-07 6.07264E-05
135 8 .69604E -11 8.51779E-09 3.56358E -11 3.49054E-09 5.86152E-10 5.74137E-08
136
137 5.60046E-10 9.48901 E-08 2.29503E-10 3.88854E-08 3.77496E-09 6.39602E-07
138 2.47769E-09 1.36807E-07 1 01534E-09 5.60625E-08 1.67007E-08 9.22138E-07
139 3.07315E-09 5.19498E-07 1 25936E-09 2.12887E-07 2.07144E-08 3.50165E-06
140 5.69019E-11 1.43625E-08 2.3318E-11 5.88568E-09 3.83544E-10 9.681 E-08
141 2.5946E-07 4.07864E-05 1.06325E-07 1.6714E-05 1 74888E-06 0.000274919
142 1.77211 E-06 0.000276854 7.26198E-07 0.000113453 1.19448E-05 0.00186612
143 5.99675E-13 1.47386E-10 2.45743E-13 6.03979E -11 4.04208E-12 9.93448E-10
144 5.89207E-14 6.26059E-12 2.41453E-14 2.56555E-12 3.97152E-13 4.21992E -11
145 8.00066E-13 5.9151 E-10 3.27862E-13 2.42397E-10 5.3928E-12 3.98704E-09
146 1 45397E-08 2.29303E-06 5.95826E-09 9.3967E-07 9.80038E-08 1.54561E-05
147 1.25618E-08 1.97274E-06 5.14774E-09 8.08416E-07 8 .4672E-08 1.32971E-05
148 2.87351 E-12 2.03978E-10 1.17754E-12 8.35888E -11 1.93687E-11 1.3749E-09
149 1 64559E-10 4.40888E-08 6 .74353E -11 1.80673E-08 1.1092E-09 2.97178E-07
150 1.37317E-07 2 .20116E-05 5.62718E-08 9.02022E-06 9.25581 E-07 0.000148368
151 3.23765E-09 5.18984E-07 1.32677E-09 2.12676E-07 2.18232E-08 3.49818E-06
152 1.27809E-08 2 .55886E-07 5.23751 E-09 1.04861 E-07 8 .61487E-08 1.72479E-06
153 3.46944E-06 0.000549104 1.42176E-06 0.000225019 2.33856E-05 0.003701209
154 1.59249E-10 1.16802E-08 6.52592E -11 4 .78645E-09 1.07341E-09 7.87295E-08
155
156 1 2487E-10 1.90573E-08 5 .1 1709E-11 7.80955E-09 8.4168E-10 1 28455E-07
157 5.30137E-05 0.008295679 2.17247E-05 0.003399516 0.000357336 0.055916596
158 1.19636E-17 2.26599E-15 4.9026E-18 9.2859E-16 8.064E-17 1.52738E-14
159 1 05258E-25 4 .31341E-26 7.09487E-25
160 1.009E-05 0.002943211 4.13483E-06 0.001206109 6 .80113E-05 0.019838563
161 0.865184042 0.354546864 5.831728072
162 7.35508E-12 3.01406E-12 4.95765E -11
163 0.006397526 0.164329658 0.002621665 0.067341238 0.04312219 1.107655518
164 1.77809E-10 1.38217E-08 7 .2865E -11 5.66403E-09 1.19851 E-09 9.31643E-08
165 4.78544E-10 8.20321 E-08 1.96104E-10 3.36162E-08 3.2256E-09 5.52933E-07
166 3.01333E-10 2.36686E-08 1 23484E-10 9.69923E-09 2 .03112E-09 1.59537E-07
167 5.16771 E-12 2 .1 177E-12 3.48327E -11
168 3.59656E-09 5.60449E-07 1.47385E-09 2.29668E-07 2.42424E-08 3.77768E-06
169 2.34786E-13 8.391 E-11 9.62136E-14 3.43858E-11 1.58256E-12 5.65591 E-10
170 9.57088E -11 1.49515E-08 3.92208E -11 6 .12702E-09 6.4512E-10 1.0078E-07
171 1 08644E-09 1.52232E-07 4 .45218E-10 6.23836E-08 7.32312E-09 1.02611 E-06
AE AF AG AH Al
115 0.0012154 5.57538E-05 1.91594E-06
116 0.7060946 74.940716 0.032389663 3.437647521 0.119466264
117 0.0016142 0.1241896 7.40436E-05 0.005696769 0.000195765
118 6.291 E-10 4 .807E-08 2.886E -11 2.20489E-09 7.70682E -11
119 2.629E-09 2.013E-07 1.206E-10 9.23316E-09 3.22914E-10
120 6.344E-10 5.288E-08 2.91 E-11 2.42576E-09 8.46652E -11
121 1 057E-09 9.776E-08 4.848E -11 4.48431 E-09 1.541 E-10
122 2.694E-12 1 984E-09 1.236E-13 9.10305E -11 3.13315E-12
123 1.007E-10 1 569E-08 4.62E-12 7.19912E-10 2.53897E -11
124 1.673E-11 7.67464E-13 2.63733E-14
125 2.874E-08 2.073E-06 1.3182E-09 9.50996E-08 3.31067E-09
126 4.212E-07 7.212E-05 1 932E-08 3.30814E-06 1.15027E-07
127 6.475E-12 6.872E-10 2.97E-13 3.15233E -11 1.09552E-12
128 6.442E-08 1.017E-05 2 .955E-09 4.6665E-07 1.64503E-08
129 2.184E-08 3.402E-06 1.002E-09 1 56042E-07 5.50326E-09
130 8.325E-10 1 493E-07 3.819E -11 6.84656E-09 2.38294E-10
131 1.975E-09 3.088E-07 9.06E -11 1.41639E-08 4.9953E-10
132 1.023E-10 1 938E-08 4.692E-12 8.89029E-10 3.09473E -11
133 4.675E-10 2.661 E-08 2.1447E -11 1.22041 E-09 4 .28678E -11
134 1.011E-07 1 576E-05 4.638E-09 7.22933E-07 2.54961 E-08
135 1.521 E-10 1 49E-08 6.978E-12 6.83497E-10 2.39148E -11
136
137 9.797E-10 1.66E-07 4.494E -11 7.61431 E-09 2.65222E-10
138 4.334E-09 2.393E-07 1 98818E-10 1.09778E-08 3.8063E-10
139 5.376E-09 9.088E-07 2.466E-10 4.16863E-08 1.46851 E-09
140 9.954E -11 2.512E-08 4.566E-12 1.1525E-09 4.01083E -11
141 4.539E-07 7.135E-05 2.082E-08 3.27284E-06 1 15295E-07
142 3.1 E-06 0.0004843 1.422E-07 2.22157E-05 7.83471 E-07
143 1.049E-12 2.578E-10 4.812E-14 1.18268E-11 4 .1 1567E-13
144 1.031 E-13 1.095E-11 4.728E-15 5.02371 E-13 1.74591 E-14
145 1.4E-12 1 035E-09 6.42E-14 4.74648E -11 1 63368E-12
146 2.543E-08 4.011 E-06 1.16671 E-09 1.84001 E-07 6.48599E-09
147 2.197E-08 3.451 E-06 1.008E-09 1 58299E-07 5.58286E-09
148 5.027E-12 3.568E-10 2.3058E-13 1.63679E-11 5.69017E-13
149 2.879E-10 7.712E-08 1.32048E-11 3.53783E-09 1.23134E-10
150 2.402E-07 3.851 E-05 1.10188E-08 1.76629E-06 6.22851 E-08
151 5 .664E-09 9.079E-07 2.598E-10 4.1645E-08 1 46865E-09
152 2.236E-08 4.476E-07 1 02558E-09 2.05332E-08 7.15481 E-10
153 6.069E-06 0.0009606 2.784E-07 4.4062E-05 1.55267E-06
154 2.786E-10 2.043E-08 1 27787E -11 9.37255E-10 3.29573E -11
155
156 2.184E-10 3.334E-08 1.002E-11 1.52922E-09 5.38197E-11
157 9.274E-05 0.0145117 0.000004254 0.000665674 2.34665E-05
158 2.093E-17 3.964E-15 9.6E-19 1.81831E-16 6.36783E-18
159 1.841E-25 8.44628E-27 2.9025E-28
160 1.765E-05 0.0051486 8.09658E-07 0.000236173 5.67085E-06
161 1.5134723 0.069425334 0.00244857
162 1.287E-11 5.90197E-13 2.02817E-14
163 0.0111912 0.287463 0.000513359 0.013186375 0.00046257
164 3.11E-10 2.418E-08 1 4268E -11 1.1091 E-09 3 .89294E -11
165 8.371 E-10 1.435E-07 3.84E -11 6.58254E-09 2.28875E-10
166 5.271 E-10 4.14E-08 2.418E -11 1.89925E-09 6 .60938E -11
167 9.04E-12 4.14675E-13 1.425E-14
168 6.291 E-09 9.804E-07 2.886E-10 4.49723E-08 1.56852E-09
169 4.107E-13 1.468E-10 1.884E-14 6.73322E-12 2.3441 E-13
170 1.674E-10 2.615E-08 7.68E-12 1.19976E-09 4.23129E-11
171 1.901 E-09 2.663E-07 8.718E -11 1.22156E-08 4.29281 E-10
AJ AK AL AM AN AO AP
115 0.06022
116 10410.291 6666
117 95.796657 61.392
118 9.719E-06 1E-05
119 2.575E-05 4E-05
120 1.419E-05 1E-05
121 1 344E-06 5E-07 3.6E-05
122 2.11 E-06 2 E-08
123 7.841 E-08 6E-08
124 0.04349
125 0.000134 0.0002
126 0.002874 0.0024
127 9.544E-08 6E-08
128 0.0001609 9E-05
129 1.709E-05 1 E-05
130 1.641 E-05 1 E-05
131 1 553E-06 1 E-06
132 0.0006098 0.0001
133 6.475E-06 9E-06
134 7.996E-05 6E-05
135 7.107E-07 1 E-06
136
137 5.847E-06 5E-06
138 6.66E-05 5E-05
139 6.64E-06 5E-06
140 1.732E-06 2E-06
141 0.0005537 0.0004
142 0.0027576 0.002
143 2.138E-08 3E-08
144 1.52E-09 1 E-09
145 1.102E-06 9E-09
146 6.621 E-05 4E-05
147 1.731 E-05 1E-05
148 1.919E-07 4E-08
149 5.003E-06 5E-06
150 0.0003496 0.0002
151 6.795E-06 3E-06
152 6.041 E-05 5E-05
153 0.0067142 0.0051
154 8 .006E-07 2E-06
155
156 2.981 E-07 2E-07
157 0.0923019 0.0229 0.0665 1.1 E-05
158 2.033E-13 7E-14
159 4.8E-16
160 0.0537118 0.0016 0.0145 0.35867
161 1.196 4.78734
162 42.4713
163 -20.9388 3.8088
164 1.253E-06 2E-06
165 5 .672E-06 5E-06
166 1 346E-06 2E-06
167
168 3.04E-05 3E-05
169 8.964E-09 1 E-08
170 1.299E-07 1E-07
171 3.273E-05 8E-06
AQ AR AS AT
115 0.00766375 -1066.753037
116 472.5288689 46308.06936
117 0.783061085 515.4475728
118 3.03077E-07 3.44506E-05
119 1 26916E-06 0.000148538
120 3.33438E-07 3.36309E-05
121 6.164E-07 7.90072E-06
122 1.25128E-08 -2.99904E-07
123 9.8957E-08 5.81685E-07
124 1.05493E-10 1067.66153
125 1.30721 E-05 0.000451955
126 0.000454728 0.01355042
127 4.3331 E-09 4.50446E-07
128 6.41443E-05 0.000498785
129 2.14491 E-05 0.000244255
130 9 .41108E-07 4.64834E-05
131 1.94693E-06 2.22356E-05
132 1 22203E-07 2.30731 E-06
133 1.67755E-07 2.25771 E-05
134 9.93722E-05 0.000741279
135 9.39515E-08 3.92412E-06
136 0.0030163
137 1.04664E-06 2.5749E-05
138 1.50898E-06 0.000293691
139 5 .73008E-06 4.43097E-05
140 1.58419E-07 6.03364E-06
141 0.000449875 0.003491128
142 0.003053706 0.043891999
143 1.62567E-09 6.13156E-08
144 6.90544E -11 7.15584E-09
145 6.52437E-09 -1 56268E-07
146 2.52922E-05 0.000163329
147 2.17594E-05 0.000245409
148 2.24988E-09 5.3918E-08
149 4.863E-07 2.07667E-05
150 0.000242789 0.001430921
151 5.7244E-06 2.98068E-05
152 2.82243E-06 0.00026886
153 0.006056633 0.044724629
154 1.28832E-07 5.29427E-06
155 0.000279008
156 2 .10202E-07 -2.82245E-07
157 0.091501548 0.516290081
158 2.4994E-14 1.32196E-12
159 1.161E-24 3.50906E-15
160 0.032463694 0.042484511
161 9.543001264 181.6368387
162 8 .1 1267E-11 -342.9331859
163 1.812560167 59.92739321
164 1.52453E-07 8.64967E-06
165 9.04816E-07 2.67392E-05
166 2.61065E-07 8.51714E-06
167 5.7E-11 4.37266E-06
168 6.18176E-06 0.000142545
169 9.25529E-10 2.6937E-08
170 1.64915E-07 9.66219E-07
171 1.67912E-06 2.50994E-05
A B C D E
172 Output Cu (soil) kg O N
173 Output Cu (waterborne) k9 O N
174 Output cyanide (bound) a s  CN (w aterborne) kg O N
175 Output cyanides (unspecified) Rg .. . O N
176 Output cyanides (waterborne) kg O N
177 Output dichlorom ethane kg O N
178 Output dioxins and furanes (unspecified) kg O N
179 Output DOCs (unspecified) (w aterborne) kg 0 N
180 Output e thane kg 0 N
181 Output ethanol kg 0 N
182 Output e thene kg 0 N
183 Output ethylbenzene k9 .. 0 N
184 Output ethy lbenzene (w aterborne) kg 0 N
185 Output ethylene dichloride kg 0 N
186 Output ethyne kg 0 N
187 Output fatty acids (w aterborne) kg 0 N
188 Output Fe kg 0 N
189 Output Fe (waterborne) kg 0 N
190 Output fluorides (waterborne) kg 0 N
191 Output form aldehyde kg 0 N
192 Output form aldehyde (w aterborne) kg 0 N
193 Output glutaric aldehyde (waterborne) kg 0 N
194 Output H2S kg . 0 N
195 Output H2S (waterborne) kg 0 N
196 Output haloginated HC (unspecified) kg 0 N
197 Output haloginated HC (unspecified) (w aterborne) kg 0 N
198 Output halon -1301 kg 0 N
199 Output HC (unspecified) kg 0 N
200 Output HC excl CH4 (unspecified) kg 0 N
201 Output HCI kg 0 N
202 Output He kg 0 N
203 Output hep tane kg 0 N
204 Output hexafluoroethane kg 0 N
205 Output hexane kg 0 N
206 Output HF kg 0 N
207 Output n g _______ __________ _______________ kg 0 N
208 Output Hg (soil) kg 0 N
209 Output Hg (waterborne) kg 0 N
210 Output hydrocarbons (unspecified) (w aterborne) kg 0 N
211 Output hypochlorous acid (waterborne) kg 0 N
212 Output Iodides (waterborne) kg 0 N
213 Output iodine kg 0 N
214 Output K kg 0 N
215 Output K (waterborne) kg 0 N
216 Output La kg 0 N
217 Output m etals (unspecified) kg 0 N
218 Output m etals (unspecified) (waterborne) kg 0 N
219 Output m ethane kg 0 N
220 Output m ethanol kg 0 N
221 Output methyl tert-butyl e ther kg 0 N
222 Output methyl tert-butyl e ther (w aterborne) kg 0 N
223 Output Mg kg 0 N
224 Output Mg (waterborne) kg 0 N
225 Output mineral oil kg 0 N
226 Output Mn kg 0 N
227 Output Mn (waterborne) kg 0 N
228 Output Mo kg 0 N
F G H I J K L
172 0.0723912
173 0.000196768 4.9734E-08 3.039E-06 7.446E-05 4.435E-07 3.275E-07
174 3.19383E-05 1.791 E-06 2.629E-07 1 6375E-08
175 1.79672E-07 1.379E-09 2.296E-08 3.007E-10 7.45E -11
176 1.6163E-06 5.324E-07
177 2.85275E-07 9.397E-08
178 1.66817E-08 2.9472E-13
179 0.00658763 1.842E-06 1 023E-06 2.717E-05 6.431 E-08 0.00000045
180 0.024978787 4.878E-05 0.0003887 2.041 E-05 6.9975E-06
181 0.000163282 2.26 E-05 3.655E-05 1 305E-07 2.45371 E-07
182 0.000314429 7.792E-06 2.274E-05 3.99E-06 1.71325E-06
183 0.000174774 1.941 E-06 5.655E-05 2.028E-06 0.000000124
184 5.90848E-05 2.477E-06 9.315E-06 1.321 E-06 4 .225E-08
185 4.50953E-06 2.776E-07 8.163E-07 1.593E-08 4.8E-09
186 2.51535E-05 3.523E-06 6.885E-07 7.813E-09 0.00000026
187 0.013715355 0.0005235 0.0019784 0.0002792 0.000008975
188 0.00082266 2.526E-05 0.000308 1 444E-06 2.57755E-06
189 0.035648461 8.7495E-05 0.0009052 0.0239375 2.839E-05 0.0000425
190 0.00037796 3.5919E-07 3.945E-06 5.047E-05 1.296E-06 2.725E-0 7
191 0.000451558 3.716E-05 0.0001402 4.4E-07 6.6514E-07
192 4.53599E-09 6.384E -11 9.658E-10 8.154E-12 1.9975E-12
193 1.99314E-05 2.375E-07 9.565E-07 1.255E-07 5 .175E-09
194 -0.03071103 1 867E-06 4 .296E-05 2.247E-07 5.5475E-07
195 0.002395301 3.932E-08 6.574E-07 0.0001179 2.13E-09
196 -0.006668349 9.517E-07 4.673E-07 9.09E-09 2.75E-09
197 1.27613E-05 6.218E-08 1 069E-06 6.272E-08 6.36E-09
198 1.17586E-05 4.928E-07 1.857E-06 2.628E-07 8.35E-09
199 -0.305860937
200 0.01392166
201 0.011207333 0.0003312 0.0060847 1 858E-05 3.377E-05
202 0.002418552 0.0001014 0.0003829 5.402E-05 1.7175E-06
203 0.000745241 3.485E-05 4 .206E-05 1.905E-05 0.00000063
204 3.15502E-06 6.422E-08 1.078E-06 1.245E-08 8.05E-09
205 0.001578334 7.328E-05 9.814E-05 4.008E-05 0.00000132
206 0.000388606 3.458E-05 0.0006465 1.988E-06 1.80018E-06
207 7.27801 E-06 5.582E-08 1.245E-06 5.346E-09 3.3685E-09
208 0.000218682
209 2.90028E-06 0.000001 5.526E-10 1.923E-09 2.717E-08 6.124E-10 1.39E-10
210 3.18014E-05 5.422E-07 2.707E-06 2.846E-07 9.4E-09
211 0.000284009 5 .043E-06 0.0001361 2.628E-07 1 5875E-07
212 0.000246213 1.032E-05 3.894E-05 5.501 E-06 1.7475E-07
213 2.91926E-05 5.023E-07 1 356E-05 2 .639E-08 4.15255E-08
214 0.000179181 2.611 E-06 7.002E-05 2.51 E-07 7.01758E-07
215 0.023624755 0.0006652 0.0060718 0.0002857 0.00002775
216 5.60287E-07 8.397E-09 2 .248E-07 7.517E-10 1.81128E-09
217 9.83562E-05
218 0.00185393
219 -60.21445111 0.0109334 0.1059598 0.0044692 0.0006262
220 0.00022597 3.741 E-05 3.676E-05 1.906E -07 3.875E-07
221 5.82512E-07 3.179E-09 5.577E-09 1 723E-09 1.57 E-09
222 5.40612E-09 6.371 E-11 9.035E-11 3.513E -11 3.2E-11
223 0.000520479 7.811 E-06 0.0002054 6.658E-07 2.04533E-06
224 0.036547373 0.0006384 0.0126827 0.0001436 0.00005525
225 0.001307732 4 .992E-06 2.212E-05 2.561 E-06 0.000000097
226 3.92439E-05 1.101 E-07 4.041 E-06 6.893E-08 2.585E-08
227 0.00104019 1.915E-05 0.0003676 4.51 E-06 1 4775E-06
228 8.01726E-06 1.222E-06 1 306E-06 1.918E-08 1.49526E-08
M N 0 P Q R
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200 0.001184 0.011055
201 0.000548 0.007375
202
203
204
205
206 6.55E-05 0.000883
207
208
209
210
211
212
213
214
215
216
217 6.66E-06 8.77E-05
218 0.000269 0.001417
219 0.001184 0.011055
220
221
222
223
224
225
226
227
228
S T U V W X
172
173 2.5034E-05 2.40223E-09
174 1.24093E-05 1.02722E-09
175 6.41293E-08 2.67382E-12
176
177
178 2.79984E-19
179 0.004674474 1 57008E-09
180 0.018130687 5.91804E-08
181 2.62765E-06 5.14844E-10
182 6 .49067E-05 1.2155E-08
183 1.89272E-05 5.97793E-09
184 9.75264E-06 3.64893E-09
185 2.19221 E-07 1 34363E-10
186 1 40135E-06 7.23244E -11
187 0.00299682 7 .71104E-07
188 4.64161 E-05 6 .7 1 185E-09
189 0.001483525 1 69348E-07
190 0.000155265 7.99608E-09
191 1 29393E-05 2.00744E-09
192 1.17053E-09 3.39352E-14
193 1.18755E-05 3.47004E-10
194 4 .06667E-05 1 80343E-09
195 0.000450727 3.23755E-07
196 1 24914E-07 7.76487E -11
197 5.00498E-06 2.55616E-10
198 1.93957E-06 7.25799E-10
199 4 .18562E-07
200 5.70963E-09
201 0.000699315 1 03514E-07
202 0.00039865 1.49179E-07
203 0.000140587 5.27218E-08
204 1.65119E-07 4 .08847E -11
205 0.000295688 1.10907E-07
206 7 .32342E-05 1.0721 E-08
207 3.63096E-06 2.4373E -11
208
209 1.03239E-06 1.95115E-12
210 3.41002E-07 4.58307E-09
211 1.03798E-05 1.53228E-09
212 4.05979E-05 1.51926E-08
213 1 05835E-06 1.53777E-10
214 1.14856E-05 1.42813E-09
215 0.003505222 8.57802E-07
216 3.67323E-08 4.34088E-12
217 1 47885E-10
218 1.95579E-09
219 0.667092761 1.40115E-05
220 3.23121 E-06 6.83512E-10
221 1.27347E-07 4.86675E-12
222 2.60105E-09 9.92981 E-14
223 3.10354E-05 3.82087E-09
224 0.004477625 5.87527E-07
225 1 9832E-05 7.16328E-09
226 1.49189E-05 6.226E-10
227 0.000119791 1.73202E-08
228 2.22503E-07 5.95306E -11
Y Z AA AB AC AD
172
173 1 43563E-09 2.36471 E-07 5 .88313E-10 9.69044E-08 9.6768E-09 1.59392E-06
174 1.0842E-09 1.01117E-07 4.44299E-10 4.14373E-08 7.308E-09 6.81577E-07
175 4.23212E-12 2.63206E-10 1 7343E-12 1.0786E-10 2 .85264E -11 1.77413E-09
176
177
178 2 .75611E-17 1.12944E-17 1.85774E-16
179 2.0039E-10 1.54556E-07 8 .21186E-11 6.33359E-08 1.35072E-09 1.04177E-06
180 3.65264E-08 5.82562E-06 1 49683E-08 2.3873E-06 2.46204E-07 3.92673E-05
181 7.12416E-10 5.06804E-08 2.91943E-10 2.07685E-08 4.802E-09 3.41608E-07
182 8.89045E-09 1.19651 E-06 3.64325E-09 4.90323E-07 5.99256E-08 8.06503E-06
183 3.533E-09 5.88457E-07 1 4478E-09 2 .4 1 146E-07 2.3814E-08 3.96647E-06
184 2.30299E-09 3.59194E-07 9.43751 E-10 1 47195E-07 1 55232E-08 2 .4 2 1 13E-06
185 4.70319E-11 1.32265E-08 1.92734E-11 5.42014E-09 3.17016E-10 8.91526E-08
186 9.19701 E-11 7.11948E-09 3.76888E -11 2.91752E-09 6.1992E-10 4 .79885E-08
187 4.86769E-07 7.59061 E-05 1.99475E-07 3 .1 1058E-05 3.28104E-06 0.000511641
188 4 .93012E-08 6.60703E-07 2.02033E-08 2 .70752E-07 3.32312E-07 4.45343E-06
189 1.95156E-07 1.66703E-05 7.99737E-08 6.83139E-06 1 31544E-06 0.000112365
190 1.0842E-08 7.8712E-07 4.44299E-09 3.22557E-07 7.308E-08 5.30554E-06
191 1 67506E-09 1.97609E-07 6.86429E-10 8.09789E-08 1.12907E-08 1.33197E-06
192 2.54974E-14 3.34052E-12 1.04487E-14 1.36892E-12 1.71864E-13 2.25166E-11
193 2.19083E-10 3.41585E-08 8 .9779E -11 1.39979E-08 1.47672E-09 2.30244E-07
194 2.34711 E-09 1.77527E-0 7 9.6183E-10 7.27493E-08 1 58206E-08 1.19661 E-06
195 1.21131E-10 3.18698E-05 4 .96389E -11 1.30601 E-05 8.1648E-10 0.000214817
196 2.69181 E-11 7.64361 E-09 1.10309E-11 3.1323E-09 1.8144E-10 5.15213E-08
197 1.40198E-10 2.51624E-08 5.74524E -11 1.03114E-08 9.45E-10 1.69606E-07
198 4.58355E-10 7.14464E-08 1.87831 E-10 2.92783E-08 3.08952E-09 4.81581 E-07
199 4.12025E-05 1 68845E-05 0.000277723
200 5.62046E-07 2.30323E-07 3.78844E-06
201 4.17574E-08 1.01897E-05 1.71119E-08 4.17567E-06 2.81464E-07 6.86831 E-05
202 9.38395E-08 1.46849E-05 3 .84548E-08 6.01779E-06 6 .3252E-07 9.8983E-05
203 3.23765E-08 5.18984E-06 1.32677E-08 2.12676E-06 2 .18232E-07 3.49818E-05
204 2 .46749E -11 4.02462E-09 1.01116E-11 1.64926E-09 1 6632E-10 2.71277E-08
205 6 .8 1 177E-08 1.09175E-05 2.79142E-08 4.47391 E-06 4 .59144E-07 7.35886E-05
206 4 .34802E-09 1.05536E-06 1.78179E-09 4.32478E-07 2.93076E-08 7 .1 1357E-06
207 1.64051 E-11 2.39924E-09 6.7227E-12 9.83193E-10 1.10578E-10 1.61719E-08
208
209 1.03859E-12 1.92068E-10 4.25607E-13 7.87082E-11 7.00056E-12 1.29462E-09
210 3.39467E-10 4 .5 1 15E-07 1.39111 E-10 1 84878E-07 2.28816E-09 3.04095E-06
211 7.70157E-10 1.50835E-07 3.15605E-10 6.18111 E-08 5.1912E-09 1.01669E-06
212 9.57088E-09 1.49553E-06 3.92208E-09 6.12858E-07 6.4512E-08 1.00805E-05
213 7.80834E -11 1.51376E-08 3.19981 E-11 6.20328E-09 5.26317E-10 1.02034E-07
214 5.23407E-10 1.40583E-07 2.14489E-10 5.76099E-08 3.528E-09 9.47591 E-07
215 5.3238E-07 8.44405E-05 2.18166E-07 3.46032E-05 3.58848E-06 0.000569167
216 1 82968E-12 4.27309E-10 7.49792E-13 1.75108E-10 1.23329E-11 2.88025E-09
217 1.45576E-08 5.9656E-09 9.81246E-08
218 1.92525E-07 7.88955E-08 1.2977E-06
219 9.61985E-06 0.001379269 3.94215E-06 0.000565216 6.48421 E-05 0.009296894
220 1 06925E-09 6.72837E-08 4 .3817E-10 2.75724E-08 7.2072E-09 4.53522E-07
221 2.96847E-12 4.79074E-10 1.21646E-12 1.96322E-10 2 .00088E -11 3.22917E-09
222 6.01918E-14 9.77474E-12 2 .46662E-14 4.00562E-12 4.0572E-13 6.58861 E-11
223 1 5433E-09 3.7612E-07 6.32436E-10 1.54131 E-07 1.04026E-08 2.53521 E-06
224 3.42458E-07 5.78351 E-05 1.40337E-07 2.37005E-05 2.30832E-06 0.000389835
225 4 .5013E-09 7.05141 E-07 1.84461 E-09 2.88962E-07 3.03408E-08 4 .75297E-06
226 9.97016E-10 6.12877E-08 4.08571 E-10 2 .5 1 153E-08 6.72034E-09 4.13107E-07
227 1.04681 E-08 1.70497E-06 4.28978E-09 6.98685E-07 7.056E-08 1.14922E-05
228 7 .56683E -11 5.86009E-09 3 .10084E -11 2.40143E-09 5.10038E-10 3.94996E-08
AE AF AG AH Al
172
173 2.511 E-09 4.137E-07 1.152E-10 1.89753E-08 6.60813E-10
174 1.897E-09 1.769E-07 8.7E-11 8.11401 E-09 2.84014E-10
175 7.403E-12 4.604E-10 3.396E-13 2 .1 1205E-11 7.31719E-13
176
177
178 4.821 E-17 2 .2116E-18 7.6E-20
179 3.505E-10 2.704E-07 1.608E-11 1.24021 E-08 4.27456E-10
180 6.39E-08 1.019E-05 2.931 E-09 4.67467E-07 1 64664E-08
181 1 246E-09 8.866E-08 5.71667E -11 4.06677E-09 1.42323E-10
182 1 555E-08 2.093E-06 7.134E-10 9.60123E-08 3.37803E-09
183 6.18E-09 1.029E-06 2.835E-10 4.72198E-08 1 66265E-09
184 4 .029E-09 6.283E-07 1.848E-10 2.88229E-08 1.01652E-09
185 8.227E -11 2.314E-08 3.774E-12 1.06134E-09 3.67861 E-11
186 1 609E-10 1.245E-08 7.38E-12 5.71292E-10 1 9786E -11
187 8.515E-07 0.0001328 3.906E-08 6.09097E-06 2.14815E-07
188 8.624E-08 1 156E-06 3.9561 E-09 5.30171 E-08 1.85035E-09
189 3.414E-07 2.916E-05 1.566E-08 1.33768E-06 4.65282E-08
190 1 897E-08 1.377E-06 8.7E-10 6.31612E-08 2.19604E-09
191 2.93E-09 3.457E-07 1.34413E-10 1.58568E-08 5.53581 E-10
192 4.46E-14 5.844E-12 2.046E-15 2.68055E-13 9.37222E-15
193 3.832E-10 5.975E-08 1 758E -11 2.741 E-09 9.66654E -11
194 4.106E-09 3.105E-07 1.8834E-10 1.42454E-08 4.93959E-10
195 2 .1 19E-10 5.575E-05 9.72E-12 2.55734E-06 9.02045E-08
196 4.709E -11 1.337E-08 2.16E-12 6.13349E-10 2.12565E -11
197 2.453E-10 4 .402E-08 1.125E-11 2.01912E-09 7.06219E-11
198 8.018E-10 1.25E-07 3.678E -11 5.73311 E-09 2.02194E-10
199 7.208E-05 3.30623E-06 1.13616E-07
200 9.832E-07 4.51005E-08 1 54984E-09
201 7.305E-08 1.782E-05 3.35076E-09 8.17656E-07 2.84645E-08
202 1 642E-07 2.569E-05 7.53E-09 1.17837E-06 4 .15585E-08
203 5.664E-08 9.079E-06 2 .598E-09 4.1645E-07 1 46865E-08
204 4.316E -11 7.04E-09 1.98E-12 3.22949E-10 1.13433E-11
205 1.192E-07 1.91 E-05 5.466E-09 8.76055E-07 3.08949E-08
206 7.606E-09 1 846E-06 3.489E-10 8.46854E-08 2.94934E-09
207 2.87E -11 4.197E-09 1 3164E-12 1.92523E-10 6.7213E-12
208
209 1.817E-12 3.36E-10 8.334E-14 1.54122E-11 5.41699E-13
210 5.938E-10 7 .892E-07 2 .724E -11 3.62018E-08 1.24966E-09
211 1 347E-09 2.639E-07 6.18E -11 1.21035E-08 4 .2 1 108E-10
212 1 674E-08 2.616E-06 7.68E-10 1.20006E-07 4.23236E-09
213 1.366E-10 2.648E-08 6.26568E-12 1.21469E-09 4 .2262E -11
214 9.156E-10 2.459E-07 4.2E-11 1.12808E-08 3.92606E-10
215 9.313E-07 0.0001477 4.272E-08 6.7758E-06 2.38477E-07
216 3.201 E-12 7.475E-10 1 4682E-13 3.42887E-11 1.19312E-12
217 2 .547E-08 1.16815E-09 4.01426E -11
218 3.368E-07 1.54489E-08 5.30888E-10
219 1.683E-05 0.0024128 7.7193E-07 0.000110677 3.89532E-06
220 1.87 E-09 1.177 E-07 8 .58E -11 5.39908E-09 1.89293E-10
221 5.193E-12 8.38E-10 2.382E-13 3.84426E-11 1.35502E-12
222 1.053E-13 1.71 E-11 4.83E-15 7.84358E-13 2.76464E-14
223 2.7E-09 6.579E-07 1 2384E-10 3.01811 E-08 1.05028E-09
224 5.991 E-07 0.0001012 2 .748E-08 4.64089E-06 1.62312E-07
225 7.874E-09 1.234E-06 3.612E-10 5.65829E-08 1.99491 E-09
226 1.744E-09 1 072E-07 8.0004E -11 4.91793E-09 1.7036E-10
227 1.831 E-08 2.983E-06 8.4E-10 1.36812E-07 4.79036E-09
228 1.324E-10 1.025E-08 6.07188E-12 4.70234E-10 1.65372E-11
AJ AK AL AM AN AO AP
172
173 1 456E-05 1 E-05
174 1.679E-06 7E-07
175 9 .409E-09 3E-09
176
177
178
179 1.649E-05 0.0008 1 E-05
180 0.0002875 0.0002
181 1.002E-05 2 E-05
182 4.339E-05 4E-05
183 1 423E-05 8 E-06
184 3 .117E-06 2E-06
185 1 225E-06 4E-07
186 4.588E-06 6 E-06
187 0.000664 0.0005
188 7.041 E-05 9E-05
189 0.0036312 0.0026
190 2.323E-05 1E-05
191 4.435E-05 4E-05
192 9.177E-10 2E-10
193 3.407E-07 2E-07
194 0.000352 9E-05
195 2.691 E-07 1E-07
196 7.008E-07 2 E-07
197 1.183E-06 2 E-06 4 E-07
198 6.215E-07 5E-07
199 0.0109
200 0.00166
201 0.0011486 0.0002 0.0012 5.9E-06
202 0.0001276 9E-05
203 6.795E-05 3E-05
204 6.718E-07 2E-07
205 0.0001404 7E-05
206 0.0001052 2 E-06 9E-05 7.4E-10
207 2.186E-07 2 E-07
208
209 7.608E-09 5E-09
210 9.196E-07 1E-06 5E-07
211 1.93E-05 1 E-05
212 1 299E-05 1E-05
213 2.174E-06 2 E-06
214 1 618E-05 2E-05
215 0.0014636 0.0012
216 4.777E-08 5E-08
217 2 E-06 1.1 E-06
218 0.0001 5E-05
219 0.0299249 0.023 0.00166
220 1 347E-05 3E-05
221 3.02E-07 7E-08
222 8.848E-10 2E-10
223 4.733E-05 6E-05
224 0.0025497 0.0022
225 0.0009816 0.0002
226 2 .068E-06 9E-07
227 7.221 E-05 6E-05
228 4.921 E-07 1 E-06
AQ AR AS AT
172 0.0723912
173 2.60828E-06 6.14856E-05
174 1.11533E-06 1.29333E-05
175 2.90317E-09 7.23955E-08
176 1.08391 E-06
177 1.91308E-07
178 3.04E-16 1 66814E-08
179 1.70475E-06 0.00107048
180 6.42567E-05 0.005768696
181 5.59006E-07 6.99948E-05
182 1.31976E-05 0.00010222
183 6 .4907E-06 6.04294E-05
184 3.96192E-06 2.31942E-05
185 1.45889E-07 1 31983E-06
186 7.85281 E-08 8.80631 E-06
187 0.000837246 0.005177822
188 7 .28757E-06 0.000269088
189 0.000183874 0.002625186
190 8.68196E-06 0.000116163
191 2.17963E-06 0.000167773
192 3.6846E -11 1.18065E-09
193 3.76769E-07 5.42056E-06
194 1.95812E-06 -0.03124132
195 0.000351525 0.001155649
196 8.43092E-08 -0.006670967
197 2.77542E-07 2.88638E-06
198 7.88056E-07 4.6151 E-06
199 0.000454464 -0.317647125
200 6.19938E-06 1.10456E-05
201 0.000112393 -0.006662035
202 0.000161975 0.000949163
203 5.7244E-05 0.000298068
204 4.43916E-08 8.79649E-07
205 0.00012042 0.000630643
206 1.16406E-05 -0.001535888
207 2 .64637E-08 1.91496E-06
208 0.000218682
209 2.11851 E-09 8.20375E-07
210 4 .97619E-06 1.59276E-05
211 1.66371 E-06 9.68421 E-05
212 1.64957E-05 9.66274E-05
213 1.66968E-07 9.68638E-06
214 1 55063E-06 5.48753E-05
215 0.000931381 0.008640244
216 4.71323E-09 1.76192E-0 7
217 1.6057E-07 4.53107E-07
218 2.12355E-06 4.61867E-06
219 0.015213376 -61.0994917
220 7.42141 E-07 0.000101304
221 5.2842E-09 6.58796E-08
222 1.07816E-10 1.31243E-09
223 4.14861 E-06 0.000159722
224 0.000637923 0.012628519
225 7.77772E-06 4.80852E-05
226 6.76005E-07 1.58185E-05
227 1.88058E-05 0.000360026
228 6.46369E-08 3.52248E-06
A B C D E
229 Output Mo (waterborne) kg 0 N
230 Output N (waterborne) kg 0 N
231 Output N2 kg 0 N
232 Output N 20 0 N
233 Output Na
______
0 N
234 Output Na (waterborne) kg 0 N
235 Output NH3 kg 0 N
236 Output Ni kg 0 N
237 Output Ni (soil) kg 0 N
238 Output Ni (waterborne) kg 0 N
239 Output nitrates (waterborne) kg 0 N
240 Output nitrogen (organic bonded) (w aterborne) kg 0 N
241 Output nitrogenous com pounds (unspecified) (w aterborne) kg 0 N
242 Output non m ethane VOC (unspecified) kg 0 N
243 Output NOx kg 0 N
244 Output OCI- (waterborne) kg 0 N
245 Output oils & g re a se s  (w aterborne) kg 0 N
246 Output organic com pounds (unspecified) (waterborne) kg 0 N
247 Output other solid (unspecified) kg 0 N
248 Output P kg 0 N
249 Output P (waterborne) kg 0 N
250 Output PAH (unspecified) kg 0 N
251 Output PAH (waterborne) kg 0 N
252 Output Particulate (diesel) kg 0 N
253 Output Pb kg 0 N
254 Output Pb (soil) kg 0 N
255 Output Pb (waterborne) kg 0 N
256 Output pen tane kg 0 N
257 Output phenol kg 0 N
258 Output phenols (unspecified) (waterborne) kg 0 N
259 Output phospha tes (waterborne) kg 0 N
260 Output polycyclic arom atic hydrocarbons (unspecified) kg 0 N
261 Output propane kg 0 N
262 Output propene kg 0 N
263 Output propionaldehyde kg 0 N
264 Output propionic acid kg 0 N
265 Output Pt kg 0 N
266 Output Rb (waterborne) kg 0 N
267 Output residual landfill weight kg 0 N
268 Output salts (unspecified) (w aterborne) kg 0 N
269 Output Sb . 0 N
270 Output Sb (waterborne) kg 0 N
271 Output Sc kg 0 N
272 Output Se kg 0 N
273 Output S e  (waterborne) kg 0 N
274 Output Si kg 0 N
275 Output Si (waterborne) kg 0 N
276 Output Sn kg 0 N
277 Output Sn (tributyl) (waterborne) kg 0 N
278 Output Sn (waterborne) kg 0 N
279 Output S 0 2 kg 0 N
280 Output Sr kg 0 N
281 Output Sr (waterborne) kg 0 N
282 Output steam /w ater vapour kg 0 N
283 Output su lphates (waterborne) kg 0 N
284 Output sulphides (w aterborne) kg 0 N
285 Output sulphite (w aterborne) kg 0 N
F G H I J K L
229 0.000125267 1 928E-06 4.86E-05 2.296E-07 1 9325E-07
230 0.056745455 0.03 0.00019341 8.631 E-05 0.0002128 9.434E-05 0.00000208
231 0.082647328 2.081 E-05 0.0005546 1 323E-06 0.00000995
232 0.009524326 0.000185 0.0017367 7.855E-06 5.0425E-06
233 0.000490659 5.946E-05 0.0001007 1.46 E-06 9.80378E-07
234 0.85251701 0.0343895 0.1347163 0.0181417 0.00083065
235 0.001246254 3.857E-06 9.987E-05 4.081 E-07 1 53075E-07
236 0.000362129 5.108E-05 4.75E-05 1 808E-06 5.7438E-07
237 0.002186818
238 0.000187474 1 5657E-07 3.192E-06 7.571 E-05 5.083E-07 3.325E-07
239 0.002146154 7.814E-05 0.0004268 3.718E-05 1.5225E-06
240 0.059350047 1.034E-05 1.421 E-05 0.0012299 0.000000325
241 0.001198598 0.0001029 0.0001343 2.043E-05 0.000002375
242 0.480852232 0.0156297 0.0595419 0.0083205 0.0004027
243 2.119566242 0.0193286 0.1058298 0.0029294 0.00102915
244 0.000284009 5.043E-06 0.0001361 2.628E-07 1 5875E-07
245 0.0753239 0.0018938 0.0071638 0.0010181 0.000033225
246 0.014289743 0.0008235 0.0045331 2.634E-05 0.00004463
247 72.49932287 0.0081107
248 1.94941 E-05 3.469E-07 6.986E-06 7.454E-08 5.68503E-08
249 0.004780195 0.002 3.24E-08 9.879E-10 6.9E-11
250 2.80367E-05 1 438E-06
251 2.80218E-05 3.192E-11 5.047E-06 7.184E-07 2.28509E-08
252 0.059943386
253 0.000139227 4.761 E-06 9.905E-06 1.587E-07 1 229E-07
254 0.004373635
255 0.00038299 5.8023E-08 3.881 E-06 9.066E-05 5 .868E-07 0.000000375
256 0.004339231 0.0001895 0.0003695 0.0001015 0.00000462
257 2.71906E-07 3.83E-09 5.795E-08 4.892E-10 1.1975E-10
258 0.000798911 0.000000213 3.4998E-07 1 494E-05 5.047E-05 7 .353E-06 2.625E-07
259 0.002401481 3.511 E-05 0.0008848 4.677E-06 0.0000039
260 1.93544E-06 1.196E-06 5.09E-09 1.1575E-08
261 0.005824652 0.0001516 0.0003119 7.968E-05 0.0000048
262 0.000176604 7.164E-06 1.34E-05 3 .832E-06 3.9075E-07
263 9.79303E-07 1.748E-09 1.312E-10 9.325E-11
264 4.32957E-06 5.222E-08 1 396E-06 3.158E-09 2.0675E-08
265 8.16487E-11 9.984E-13 1 414E-12 5.505E-13 5.025E-13
266 2.46213E-05 1.032E-06 3.894E-06 5.501 E-07 1.7475E-08
267 -367.8023298 4.297999907
268 0.5018978 0.0015833 0.042667 4.295E-08 0.0000505
269 6.73785E-07 1.146E-08 3.094E-07 4.807E-10 1 39096E-09
270 8.379E-07 1 002E-08 2.402E-07 1 489E-09 6.825E-10
271 2.12305E-07 3.166E-09 8.487E-08 3.216E-10 6.1595E-10
272 1.52443E-05 1.075E-06 5.177E-06 2.343E-08 2.4935E-08
273 0.000202401 2.962E-06 7.508E-05 3.833E-07 0.000000325
274 0.003377776 5.445E-05 0.0014596 3.225E-06 9.45153E-06
275 3.84296E-06 4.583E-08 1 848E-07 2.421 E-08 0.000000001
276 4.45862E-07 7.259E-09 1.959E-07 6.9E-10 5.39258E-10
277 4.9851 E-06 1.507E-07 8.318E-07 7.486E-08 3 .925E-09
278 4.53822E-07 7.52E-09 2.034E-07 7.83E-10 2.37E-10
279 1.601943806 0.0972004 0.2079691 0.0030436 0.001444375
280 2.43488E-05 3.48E-07 9.338E-06 3.131 E-08 1.13926E-07
281 0.015360481 0.000632 0.0025142 0.0003339 0.00001135
282 1326.232612 791 19.717613 0.1957196 0.101794163
283 0.344564756 0.0076218 0.1658569 1.731 E-06 0.00042655
284 0.002139732 3.166 E-06 3.832E-06 2.596E-08 5.35E-08
285 0.441433455 2.451 E-07 6.636E-06 0.0004814 7.725E-09
M N 0 P Q R
229
230
231
232
233
234
235 7.21 E-05 0.000387
236
237
238
239 1.06E-06 1.05E-05
240
241
242
243 0.022789 0.187595
244
245 2.31 E-05 0.000195
246
247 1.283586 5.967679
248
249
250
251
252
253 5.1 E-06 6.92E-05
254
255
256
257
258 3.3E-07 2.78E-06
259
260
261
262
263
264
265
266
267 0.240352 15.64201
268
269
270
271
272
273
274
275
276
277
278
279 0.076081 0.368809
280
281
282 0.060465 0.594024
283
284 0.000414 0.001406
285
S T U V W X
229 1.26571 E-05 1 26366E-09
230 0.00040818 2.6196E-07
231 0.06283066 7.50042E-09
232 0.000653835 9 05778E-07
233 2.04109E-05 4.70991 E-09
234 0.14406888 5.03174E-05
235 2.58425E-05 1 04159E-07
236 2.07675E-05 5.34341 E-09
237
238 2.73124E-05 2.63893E-09
239 0.000317769 1 06606E-07
240 0.028891241 4.15303E-06
241 5.01057E-05 5.69894E-08
242 0.082893684 3.73089E-05
243 0.200882646 0.745675 4.55329E-05
244 1.03798E-05 1 53228E-09
245 0.030437367 2.81276E-06
246 0.000568043 8.12142E-08
247 1.69602E-08
248 1 55996E-06 2.77137E-10
249 9.22144E-08 2.81861 E-12
250 4.15693E-07 2.29927E -11
251 5.2964E-06 1.9846E-09
252 7.79337E-06
253 1 21692E-05 8.28767E-10
254
255 6.37948E-05 3.92755E-09
256 0.000771566 2.81679E-07
257 7.01393E-08 2.03613E-12
258 0.000445441 2.07479E-08
259 0.00028504 2.67968E-08
260
261 0.002400393 2.21509E-07
262 3.10355E-05 1 07263E-08
263 1.09697E-08 6.00895E-12
264 3.57692E-07 1 80896E -11
265 4.0691 E-11 1 53847E-15
266 4.05984E-06 1.51925E-09
267 5.84239E-06
268 9.17392E-06 5.96711 E-08
269 2.02965E-08 2.89169E-12
270 1.74544E-07 1.04625E-11
271 1 53898E-08 1 83843E-12
272 5.68562E-07 9.66618E-11
273 2.37178E-05 2.21243E-09
274 0.000145064 1 87579E-08
275 2 .28907E-06 6.69493E -11
276 2 .86857E-08 3.87064E-12
277 8.15431 E-07 2 .16694E-10
278 3.08911 E-08 4.34033E-12
279 0.183942235 1 26609E-05
280 1.4161 E-06 1.78459E-10
281 0.002516617 9.24964E-07
282 17.78703156 0.004332245
283 1 27538E-05 5.03714E-07
284 1.02466E-06 1 5536E-10
285 0.336604056 1 33265E-06
Y Z AA AB AC AD
229 7.38752E-10 1.24392E-07 3.02736E-10 5.09752E-08 4 .97952E-09 8.3846E-07
230 8.00066E-08 2.57869E-05 3.27862E-08 1.05673E-05 5.3928E-07 0.000173815
231 4.1723E-09 7.38328E-07 1.70978E-09 3.02562E-07 2.81232E-08 4.97666E-06
232 2.06895E-08 8.91632E-05 8.47844E-09 3.65385E-05 1 39457E-07 0.000601
233 6 .22157E-08 4.63635E-07 2.54956E-08 1.89995E-07 4.19362E-07 3.12511 E-06
234 3.17035E-05 0.00495316 1.29919E-05 0.002029773 0.000213696 0.033386518
235 1 3646E-09 1 02533E-05 5.59203E-10 4.20172E-06 9.198E-09 6 .91116E-05
236 1.3533E-07 5.25996E-07 5.54573E-08 2.1555E-07 9.12183E-07 3.54545E-06
237
238 1.65995E-09 2.59772E-07 6.80236E-10 1.06453E-07 1.11888E-08 1.75098E-06
239 6.28837E-08 1.04941 E-05 2.57693E-08 4.3004E-06 4.23864E-07 7.07347E-05
240 9.64565E-09 0.000408817 3.95273E-09 0.000167531 6.5016E-08 0.00275561
241 9.64565E-08 5.60994E-06 3.95273E-08 2.29892E-06 6.5016E-07 3.78135E-05
242 1.60559E-05 0.003672627 6.5796E-06 0.001505019 0.000108224 0.024755149
243 7.60279E-05 0.004482178 3 .1 1557E-05 0.001836768 0.000512462 0.030211891
244 7.70157E-10 1.50835E-07 3.15605E-10 6.18111 E-08 5.1912E-09 1.01669E-06
245 1 7579E-06 0.000276883 7.20377E-07 0.000113465 1.1849E-05 0.001866318
246 7.47874E-07 7.99458E-06 3.06474E-07 3.27613E-06 5.04101 E-06 5.38871 E-05
247 1.66953E-06 6.84164E-07 1.12534E-05
248 6.54847E-09 2.72809E-08 2.68352E-09 1.11795E-08 4.41396E-08 1.83885E-07
249 1 82445E-12 2.77459E-10 7.47647E-13 1.13701 E-10 1.22976E -11 1.8702E-09
250 1 32347E -11 2.26336E-09 5.42351 E-12 9.2751 E-10 8.9208E -11 1.52561 E-08
251 1.25619E-09 1.9536E-07 5.14777E-10 8.00573E-08 8.46725E-09 1.31682E-06
252 0.000767166 0.00031438 0.005171042
253 2.87126E-09 8.15824E-08 1.17663E-09 3.34319E-08 1 93536E-08 5.49902E-07
254
255 4.03771 E-09 3.86622E-07 1.65463E-09 1 58435E-07 2.7216E-08 2.606E-06
256 1.72792E-07 2.77279E-05 7.08089E-08 1.13627E-05 1.16469E-06 0.000186899
257 1 53284E-12 2.00433E-10 6.28146E-13 8.21361 E-11 1.0332E-11 1.35101 E-09
258 1 4805E-08 2.04239E-06 6.06697E-09 8.36959E-07 9.9792E-08 1.37666E-05
259 1 53284E-08 2.63783E-06 6.28146E-09 1.08097E-06 1.0332E-07 1.77801 E-05
260
261 1.36016E-07 2.1805E-05 5.57383E-08 8.93554E-06 9.16806E-07 0.000146975
262 6.65849E-09 1.05587E-06 2.72861 E-09 4.3269E-07 4.48812E-08 7 .1 1706E-06
263 8.00066E-13 5.9151 E-10 3.27862E-13 2.42397E-10 5.3928E-12 3.98704E-09
264 9.86997E-12 1.78071 E-09 4.04465E-12 7.29724E-10 6.6528E -11 1 20028E-08
265 9.42133E-16 1.51444E-13 3.8608E-16 6.20609E-14 6.3504E-15 1.0208E-12
266 9.57088E-10 1.49553E-07 3.92208E-10 6.12857E-08 6.4512E-09 1.00805E-06
267 0.000575115 0.000235678 0.003876533
268 2 .7292E-07 5.87391 E-06 1.11841 E-07 2.40709E-06 1.8396E-06 3.95928E-05
269 1.8489E-12 2.84653E-10 7.57667E-13 1.16649E-10 1.24624E -11 1.91869E-09
270 1.04681 E-11 1.02991 E-09 4.28978E-12 4.22051 E-10 7.056E -11 6 .94207E-09
271 6.95384E-13 1.80972E-10 2.84964E-13 7.41613E -11 4.6872E-12 1.21983E-09
272 8.6938E -11 9.51522E-09 3.56266E -11 3.89927E-09 5.86001 E-10 6.41368E-08
273 1.27861 E-09 2.17788E-07 5.23966E-10 8.92481 E-08 8.6184E-09 1.46799E-06
274 2.00091 E-08 1.8465E-06 8.19961 E-09 7.56682E-07 1.3487E-07 1.24462E-05
275 4.22464E -11 6.59037E-09 1.73123E -11 2.70069E-09 2.8476E-10 4.4422E-08
276 1.21356E-12 3.81019E-10 4.97308E-13 1.56139E-10 8.17992E-12 2.56824E-09
277 7.62679E-09 2.1331 E-08 3.12541 E-09 8.74131 E-09 5.1408E-08 1.43781E-07
278 1.14402E-12 4.27255E-10 4.68812E-13 1.75086E-10 7 .7112E-12 2.87989E-09
279 0.000127532 0.001246319 5.22618E-05 0.000510734 0.000859622 0.008400749
280 6 .75195E-11 1.75672E-08 2.76691 E -11 7.19893E-09 4 .55112E-10 1.18411 E-07
281 5.83225E-07 9.10519E-05 2.39002E-07 3.73125E-05 3.9312E-06 0.00061373
282 0.00261717 0.426458599 0.001072499 0.174759995 0.017640896 2.874522021
283 3.04324E-06 4.95847E-05 1.2471 E-06 2.03195E-05 2.05128E-05 0.000334223
284 2.93856E-09 1.52933E-08 1.2042E-09 6.26711 E-09 1.98072E-08 1.03084E-07
285 3 .73115E-11 0.000131184 1.529E-11 5.37582E-05 2.51496E-10 0.000884236
AE AF AG AH Al
229 1 292E-09 2.176E-07 5.928E -11 9.98166E-09 3.47538E-10
230 1.4E-07 4.511 E-05 6.42E-09 2.06923E-06 7.29671 E-08
231 7.299E-09 1.292E-06 3.348E-10 5.9246E-08 2.06203E-09
232 3.619E-08 0.000156 1.6602E-09 7.15476E-06 2.17399E-07
233 1 088E-07 8.11 E-07 4.9924E-09 3.72037E-08 1.30725E-09
234 5.546E-05 0.0086646 0.000002544 0.000397459 1.4016E-05
235 2 .387E-09 1.794E-05 1.095E-10 8.22757E-07 2.47485E-08
236 2 .367E-07 9.201 E-07 1.08593E-08 4.22077E-08 1.48607E-09
237
238 2.904E-09 4 .544E-07 1.332E-10 2.0845E-08 7.26341 E-10
239 1.1 E-07 1 836E-05 5.046E-09 8.42079E-07 2.96703E-08
240 1.687E-08 0.0007151 7.74E-10 3.28049E-05 1.15156E-06
241 1.687E-07 9.814E-06 7.74E-09 4.50161 E-07 1.58721 E-08
242 2.809E-05 0.0064246 1.28838E-06 0.000294704 1.03922E-05
243 0.000133 0.0078407 6 .10074E-06 0.000359665 1.12397E-05
244 1 347E-09 2.639E-07 6.18E -11 1.21035E-08 4 .2 1 108E-10
245 3.075E-06 0.0004844 1.4106E-07 2.22181 E-05 7.83576E-07
246 1.308E-06 1.398E-05 6.0012E-08 6.41513E-07 2.25642E-08
247 2.921 E-06 1 33969E-07 4.60375E-09
248 1.146E-08 4.772E-08 5.25472E-10 2.18911 E-09 7 .66965E -11
249 3.192E-12 4.854E-10 1.464E-13 2.22643E -11 7.84567E-13
250 2.315E -11 3.959E-09 1.062E-12 1.8162E-10 6.34155E-12
251 2.197E-09 3.417E-07 1.00801 E-10 1 56764E-08 5.52868E-10
252 0.001342 6.156 E-05 1 89638E-06
253 5.023E-09 1.427E-07 2.304E-10 6.54645E-09 2.28093E-10
254
255 7.063E-09 6.763E-07 3.24E-10 3.10238E-08 1 07768E-09
256 3.023E-07 4.85E-05 1 38654E-08 2.22499E-06 7.846E-08
257 2.681 E-12 3.506E-10 1.23E-13 1 60834E-11 5.62337E-13
258 2.59E-08 3.573E-06 1.188E-09 1 63888E-07 5.77684E-09
259 2.681 E-08 4.614E-06 1.23E-09 2 .1 1668E-07 7.36601 E-09
260
261 2.379E-07 3.814E-05 1.09144E-08 1.74971 E-06 6.16979E-08
262 1.165E-08 1.847E-06 5.343E-10 8.47269E-08 2.98712E-09
263 1.4E-12 1 035E-09 6.42E-14 4.74648E -11 1 63368E-12
264 1.727E-11 3.115E-09 7.92E-13 1.4289E-10 4.97257E-12
265 1 648E-15 2.649E-13 7.56E-17 1.21524E-14 4.2846E-16
266 1.674E-09 2.616E-07 7.68E -11 1 20006E-08 4.23236E-10
267 0.0010061 4.61492E-05 1 58588E-06
268 4.774E-07 1 028E-05 2.19E-08 4.71343E-07 1 61982E-08
269 3.234E-12 4.979E-10 1 48362E-13 2.28415E-11 7.94407E-13
270 1.831 E-11 1.802E-09 8.4E-13 8.26437E-11 2 .86934E-12
271 1.216E-12 3.166E-10 5.58E-14 1.45218E-11 5.0537E-13
272 1.521 E-10 1.665E-08 6.9762E-12 7.63534E-10 2.67002E -11
273 2.237E-09 3.81 E-07 1.026E-10 1.7476E-08 6.08107E-10
274 3.5E-08 3.23E-06 1.6056E-09 1.48169E-07 5.15529E-09
275 7.39E -11 1.153E-08 3.39E-12 5.28834E-10 1.86501 E-11
276 2.123E-12 6.665E-10 9.738E-14 3.05743E-11 1 06426E-12
277 1.334E-08 3.731 E-08 6.12E-10 1.71167E-09 6 .0296E -11
278 2.001 E-12 7.474E-10 9.18E-14 3.42844E-11 1.19359E-12
279 0.0002231 0.0021802 1 .02336E-05 0.000100009 3.51644E-06
280 1.181 E-10 3.073E-08 5.418E-12 1 40965E-09 4.90589E -11
281 1.02E-06 0.0001593 4.68E-08 7.30631 E-06 2.57658E-07
282 0.0045782 0.7460069 0.000210011 0.0342205 0.001210306
283 5.324E-06 8.674E-05 2 .442E-07 3.97885E-06 1.36764E-07
284 5.14E-09 2.675E-08 2.358E-10 1.22719E-09 4.26832E -11
285 6 .527E -11 0.0002295 2.994E-12 1 05266E-05 3.7123E-07
AJ AK AL AM AN AO AP
229 9.06E-06 8E-06
230 0.0001748 2 E-06 9E-05
231 0.0003601 0.0003
232 0.0003657 0.0003
233 3.444E-05 6E-05
234 0.0485599 0.0027 0.0342
235 1 632E-05 1 E-05 1.3E-05
236 2 .647E-05 5E-05
237
238 1.5E-05 1 E-05
239 0.0001237 9E-05 2.2 E-06
240 3.02E-05 1 E-05
241 0.0001955 0.0001
242 0.0259732 0.0156
243 0.0718771 0.0094 0.0337 0.11842
244 1.93E-05 1 E-05
245 0.0024305 3E-05 0.0018 2.4E-06
246 0.0021873 0.0016
247 0.0465 32.1483
248 1.847E-06 2 E-06
249 6.234E-09 4E-09
250 1 876E-05 4E-06
251 1.698E-06 1E-06
252
253 5.097E-06 6E-06 5.8E-11
254
255 2.188E-05 1 E-05
256 0.000424 0.0002
257 5.498E-08 9E-09
258 1.93E-05 1 E-05 3.4E-08
259 0.0001727 0.0001
260
261 0.0003537 0.0002
262 2.072E-05 1 E-05
263 1 102E-06 9E-09
264 7 .686E-07 6E-07
265 1 045E -11 3E-12
266 1.299E-06 1E-06
267 0.04818
268 0.0061021 0.004
269 5.414E-08 5E-08
270 5.053E-08 3E-08
271 1.74E-08 2 E-08
272 1 059E-06 1 E-06
273 1.448E-05 1 E-05
274 0.0002862 0.0003
275 6.563E-08 5E-08
276 3.101 E-08 3E-08
277 5.924E-07 3E-07
278 2.885E-08 2E-08
279 0.0875167 0.0099 0.1038 0.02673
280 2.345E-06 3E-06
281 0.0008209 0.0006
282 -8.565872 1.5581 0.12665
283 0.0285941 0.0008 0.0213
284 0.0001777 4E-05 8.5E-05
285 9.39E-07 6E-07
AQ AR AS AT
229 1.37205E-06 4.23894E-05
230 0.00028443 0.024937929
231 8.14378E-06 0.018583978
232 0.000983472 0.004410583
233 5.11391 E-06 0.000202205
234 0.054633477 0.330464662
235 0.000113094 0.000402113
236 5.80174E-06 0.000156461
237 0.002186818
238 2.86529E-06 4.71928E-05
239 0.00011575 0.000833236
240 0.004509262 0.020568552
241 6.18778E-05 0.000473863
242 0.040509162 0.195088955
243 0.049438539 0.505178913
244 1.66371 E-06 9.68421 E-05
245 0.003054031 0.024488483
246 8.81805E-05 0.004359402
247 1.8415E-05 33.04503064
248 3.00909E-07 6 .18114E-06
249 3.06038E-09 0.002780053
250 2.49649E-08 3.10278E-06
251 2.15483E-06 9.87039E-06
252 0.008461859 0.043815681
253 8.99856E-07 2.52888E-05
254 0.004373635
255 4.26444E-06 0.000178727
256 0.00030584 0.001682594
257 2.21078E-09 7.07768E-08
258 2.25276E-05 0.000200214
259 2.90953E-05 0.000813104
260 7.22416E-07
261 0.000240509 0.001867447
262 1.16463E-05 6.51227E-05
263 6.52437E-09 -1.56871 E-07
264 1 96413E-08 1.11706E-06
265 1 67043E-12 2.10474E-11
266 1.64957E-06 9.66274E-06
267 0.006343532 -388.0429543
268 6.47894E-05 0.447365752
269 3.13973E-09 2.19332E-07
270 1.136E-08 3.06884E-07
271 1.99613E-09 6.74785E-08
272 1.04953E-07 5.71029E-06
273 2.40221 E-06 6.8575E-05
274 2.03669E-05 0.001075094
275 7 .26919E-08 1.04531 E-06
276 4.20265E-09 1.48721 E-07
277 2.35282E-07 1.73549E-06
278 4.71263E-09 1.54222E-07
279 0.01374693 0.408026958
280 1.93767E-07 7.26087E-06
281 0.001004304 0.00600575
282 4.703848832 494.665564
283 0.00054692 0.118860848
284 1.68686E-07 9.34464E-06
285 0.001446959 0.101581658
A B C D E
286 Output TDS (unspecified) kg O N
287 Output tetrachloride-dibenzo-dioxin kg O N
288 Output tetrafluorom ethane kg O N
289 Output Th kg O N
290 Output Ti kg O N
291 Output Ti (waterborne) kg O N
292 Output TI kg O N
293 Output toluene kg O N
294 Output to luene (waterborne) kg O N
295 Output trichloroethylene (waterborne) kg O N
296 Output TSP kg O N
297 Output TSS (unspecified) kg O N
298 Output U kg O N
299 Output unsolved su b stan ces (waterborne) kg O N
300 Output V kg O N
301 Output V (waterborne) kg O N
302 Output v o c kg O N
303 Output W (waterborne) kg O N
304 Output w aste  w ater kg O N
305 Output xylene (unspecified) kg 0 N
306 Output xylene (waterborne) kg 0 N
307 Output Zn kg 0 N
308 Output Zn (soil) kg 0 N
309 Output Zn (waterborne) kg 0 N
310 Output Zr kg 0 N
311 Output acid a s  H+ (waterborne) kg (ex.) 0 N
312 Output AOX kg (ex.) 0 N
313 Output BOD kg (ex.) 0 N
314 Output COD kg (ex.) 0 N
315 Output w aste  heat to air MJ (ex.) 0 N
316 Output w aste  heat to soil MJ (ex.) 0 N
317 Output w aste  heat to w ater MJ (ex.) 0 N
318 B alance kg kg X N
319 B alance MJ MJ X N
320
F G H I J K L
286 0.271752025 0.0063055 2.893E-05 0.00002775
287 3.38282E-12 8.084E-14 1.242E-12 4.864E-15 1.22325E-14
288 2.52646E-05 5.132 E-07 8.63E-06 9.938E-08 6.45E-08
289 1.18093E-06 1.921 E-08 5.182E-07 1 784E-09 1 63345E-09
290 6.34797E-05 9.418E-07 2.527E-05 9.665E-08 2.10033E-07
291 0.002373251 3 .396E-05 0.0008817 4.06E-06 0.000003875
292 6.65171 E-08 7.848E-10 2.093E-08 8.653E -11 5.40878E-10
293 0.00065431 2.51 E-05 6.848E-05 1.184E-05 7.025E-07
294 0.000774264 1 224E-05 4.611 E-05 6.53E-06 2.125E-07
295 3.62474E-07 1 583E-08 7.01 E-08 1.36 E-09 4.125E-10
296 -10.30905007 0.062607 0.0015247 0.00032345
297 2.98301618 0.35 9.21 E-05 8.601 E-09
298 5.37784E-07 8.382E-09 2.258E-07 8.07E-10 1 29426E-09
299 1.953619784 0.006044 0.0263103 0.0031457 0.0001335
300 0.001428505 0.0002045 0.0001788 7.432E-06 2.27003E-06
301 0.000212021 3.141 E-06 7.976E-05 3.888E-07 3.325E-07
302 0.302251218 3.715E-05
303 4.10173E-07 5.924E-09 1 595E-07 6.382E-10 1 68E-09
304 19063.29277 7062 1.84199996 1754,7449 9.1528393 7.8506
305 0.000902106 2.294E-05 0.0002422 8.61 E-06 8.275E-07
306 0.000618763 9.716E-06 3.676E-05 5.176E-06 1 685E-07
307 -0.001014513 5.475E-06 1.464E-05 1.184E-06 1.39733E-06
308 0.2020921
309 0.000364003 6.2628E-07 6 .869E-06 0.0001517 1.273E-06 0.000000685
310 1.02647E-07 7.865E-10 1 312E-08 1.718E-10 4.25E -11
311 2.2102E-05
312 -0.000208632 0.000005 1 842E-06 3.575E-07 4.299E-07 2.16E-07 6.25E-09
313 1.502497383 0.1 4.89E-06 1.365E-05 4.999E-06 0.000000139
314 2.621588337 0.49 9.639E-05 0.0001891 0.0001647 0.000006075
315 148.9868502 49.074693
316 0.945748917 0.3115197
317 2.220959548 0 0.7315606
318 906.6813719 0.000276287 1 29922E-07 379.9747 0 0 0
319 12773.94951 10652.5 94.578357 890.3158 53.359869 4.6331702
320
M N 0 P Q R
286 0.036918 0.19836
287
288
289
290
291
292
293
294
295
296 5.882037 0.029274
297 0.001273 1.13724
298
299 1.32E-05 1.449915
300
301
302 0.016737 0.101508
303
304 248.3624 1819.033
305
306
307
308
309
310
311
312
313 9.87E-05 1.131507
314 5.31 E-06 5.23E-05
315
316
317
318 -4.24E-05 -0.00038 0 0 0 0
319 142.0957 816.7875
320
S T u V W X
286 0.001916909 1 77514E-07
287 2.83121E-13 2.23902E-17
288 1.32713E-06 3.2652E-10
289 7.33334E-08 1.00071 E -11
290 4.29179E-06 5.45482E-10
291 0.000279579 2.49794E-08
292 4.3161 E-09 4.95574E-13
293 9.40712E-05 3.30968E-08
294 0.00042185 1 80359E-08
295 1.87521 E-08 1.15012E -11
296 0.122471533 1.10867E-05
297 1.83777E-06 8.82087E-09
298 3.3685E-08 4.52788E-12
299 0.297002034 8.72348E-06
300 8.133E-05 2.17858E-08
301 2.38899E-05 2.24608E-09
302 0.080533 1.72359E-09
303 2.60369E-08 3.5464E-12
304 313.106575 0.038041075
305 8 .1 186E-05 2.54636E-08
306 0.00033803 1 42962E-08
307 2.88499E-05 4.01454E-09
308
309 7.16217E-05 6.41959E-09
310 3.66216E-08 1 52858E-12
311 4.13876E-09
312 1 45468E-06 5.97608E-10
313 3.90131 E-05 1 46988E-08
314 0.000559847 6.7773E-07
315
316
317
318 0 0 0 0 0.420135 0
319 1348.309262 0 0.160150543
320
Y Z AA AB AC AD
286 9.72042E-08 1.74742E-05 3.98337E-08 7.16081 E-06 6.552E-07 0.000117784
287 1.13654E-17 2.20405E-15 4.65747E-18 9.03207E-16 7.6608E-17 1.48563E-14
288 1 97399E-10 3.2142 E-08 8.0893E -11 1 31716E-08 1.33056E-09 2.16652E-07
289 3.15016E-12 9.85081 E-10 1.29092E-12 4.0368E-10 2.12335E -11 6.63989E-09
290 1.81248E-10 5.36962E-08 7.42745E -11 2.20044E-08 1.2217E-09 3.61937E-07
291 1 43563E-08 2.45893E-06 5.88313E-09 1.00765E-06 9.6768E-08 1 .65743E-05
292 1 92689E-13 4.87834E -11 7.89626E-14 1.99911 E-11 1.29881 E-12 3.28822E-10
293 2.03463E-08 3.25799E-06 8.3378E-09 1.3351 E-06 1.37143E-07 2.19603E-05
294 1.13654E-08 1.77542E-06 4.65747E-09 7.27556E-07 7.6608E-08 1.19671 E-05
295 4.03024E-12 1.13215E-09 1 65157E-12 4.63949E-10 2.71656E -11 7.63122E-09
296 1.05115E-05 0.001091356 4.30755E-06 0.000447231 7.08523E-05 0.00735623
297 8.68311 E-07 3.55828E-07 5.85281 E-06
298 1 42292E-12 4.45717E-10 5.83104E-13 1 82652E-10 9 .59112E-12 3.00433E-09
299 5.52569E-06 0.000858724 2.26439E-06 0.0003519 3.72456E-05 0.005788187
300 5.68721 E-07 2.14456E-06 2.33058E-07 8.78827E-07 3.83344E-06 1 44553E-05
301 1.30104E-09 2.211 E-07 5.33158E-10 9.06054E-08 8.7696E-09 1.49031 E-06
302 1.69667E-07 6.95285E-08 1.14363E-06
303 9.79519E-13 3.49101E-10 4.01401 E-13 1.43059E-10 6.6024E-12 2.3531 E-09
304 0.036114658 3.744696937 0.014799555 1.534552754 0.243428976 25.24093508
305 1 50218E-08 2.50659E-06 6 .15583E-09 1.02719E-06 1.01254E-07 1.68956E-05
306 9.04747E-09 1.40729E-06 3.7076E-09 5.76699E-07 6.0984E-08 9.48578E-06
307 3.40439E-09 3.95184E-07 1.3951 E-09 1.61944E-07 2.29471 E-08 2 .66372E-06
308
309 4.65833E-09 6.31933E-07 1.90895E-09 2 .58962E-07 3.13992E-08 4.25951 E-06
310 2.41515E-12 1.5047E-10 9.89713E-13 6.16618E -11 1.62792E-11 1.01424E-09
311 4.07412E-07 1 66955E-07 2.74614E-06
312 3.32738E-10 5.88275E-08 1 36354E-10 2.41071 E-08 2.2428E-09 3.96524E-07
313 4.3368E-09 1.44693E-06 1.77719E-09 5.92941 E-07 2.9232E-08 9.75293E-06
314 8.82315E-08 6.67145E-05 3.61567E-08 2.73392E-05 5.9472E-07 0.000449686
315
316
317
318 0 0 0 0 0 0
319 0.09792606 15.76493974 0.04012947 6.460371051 0.660065515 106.262757
320
AE AF AG AH Al
286 1.7E-07 3.057E-05 7.8E-09 1.40219E-06 4.87554E-08
287 1 988E-17 3.856E-15 9.12E-19 1.76861 E-16 6.17357E-18
288 3.453E-10 5.623E-08 1 584E -11 2.57919E-09 9.05909E -11
289 5.511E-12 1.723E-09 2.5278E-13 7.90463E-11 2 .7 5 153E-12
290 3.171E-10 9.393E-08 1.4544E-11 4.30877E-09 1.49973E-10
291 2.511 E-08 4.301 E-06 1 152E-09 1.97313E-07 6.86055E-09
292 3.371 E-13 8.534E-11 1 5462E-14 3.91455E-12 1 36226E-13
293 3.559E-08 5.699E-06 1 63266E-09 2.61432E-07 9.21731 E-09
294 1.988E-08 3.106E-06 9.12E-10 1 42466E-07 5.02445E-09
295 7.05E-12 1.98E-09 3.234E-13 9.08479E-11 3.14872E-12
296 1 839E-05 0.0019091 8.4348E-07 8.75742E-05 3.03948E-06
297 1.519E-06 6.96763E-08 2.39454E-09
298 2.489E-12 7.797E-10 1.1418E-13 3.57658E-11 1.24497E-12
299 9.666E-06 0.0015022 4.434E-07 6.8907E-05 2.42994E-06
300 9.949E-07 3.751 E-06 4.56362E-08 1.72087E-07 6.06013E-09
301 2.276E-09 3.868E-07 1.044E-10 1.77418E-08 6.17349E-10
302 2.968E-07 1.36147E-08 4.67858E-10
303 1 713E-12 6.107E-10 7.86E-14 2.80131 E-11 9.75228E-13
304 0.0631756 6.5506236 0.002897964 0.300487322 0.01050644
305 2.628E-08 4.385E-06 1.2054E-09 2 .01138E-07 7.08167E-09
306 1 583E-08 2.462E-06 7.26E-10 1.12926E-07 3.98264E-09
307 5.955E-09 6.913E-07 2.7318E-10 3.17109E-08 1.11306E-09
308
309 8.149E-09 1.105E-06 3.738E-10 5.07085E-08 1.76766E-09
310 4.225E-12 2.632E-10 1.938E-13 1.20743E-11 4.1831 E-13
311 7.127E-07 3.26922E-08 1.12344E-09
312 5.821 E-10 1 029E-07 2 .67E -11 4.72052E-09 1 66475E-10
313 7.586E-09 2.531 E-06 3.48E-10 1.16106E-07 4.08844E-09
314 1.543E-07 0.0001167 7.08E-09 5.3534E-06 1.87211 E-07
315
316
317
318 0 0 0 0 0
319 0.1713027 27.577715 0.007857923 1.265032821 0.044523714
320
AJ AK AL AM AN AO AP
286 0.0063267 0.0002 0.0014 0.00615
287 2.968E-13 4E-13
288 5.382E-06 2E-06
289 8.369E-08 7 E-08
290 5.411 E-06 6E-06
291 0.0001702 0.0001
292 8.107E-09 1 E-08
293 0.0001202 4E-05
294 1.56E-05 1 E-05
295 1.051 E-07 3E-08
296 4 0.1058651 0.0031 0.0275 0.07266
297 0.0011 0.00027
298 4.223E-08 4E-08
299 - ............... _ 0.0089145 0.0065 1.4E-06
300 0.0001049 0.0002
301 ; 1.52 E-05 1E-05
302 0.08006
303 9 3.736E-08 5E-08
304 1186.9481 11.081 350.84 23.3289
305 0.0001498 5E-05
306 1.237E-05 9E-06
307 3.167E-05 1E-05
308
309 3.194E-05 3E-05
310 5.382E-09 2E-09
311 5E-07
312 5.847E-05 1 E-05
313 0.0463207 5E-05 0.0036 5.6 E-06
314 0.2064822 0.0006 0.029 1.1 E-05
315
316
317
318 0 0 0.0007 0 -3.6E-05 0 0
319 575.57476 22.487 213.06 539.463
320
AQ AR AS AT
286 0.000192741 0.013688056
287 2.43108E-14 1 04676E-12
288 3.54528E-07 7.04321 E-06
289 1.08655E-08 3.9165E-07
290 5.92271 E-07 1.9824E-05
291 2.71221 E-05 0.000802561
292 5.38083E-10 1.74781 E-08
293 3.59357E-05 0.000220182
294 1 95829E-05 0.000222822
295 1.24877E-08 9.69189E-08
296 0.012037687 -16.63939719
297 9.5775E-06 1.492976484
298 4.91627E-09 1.72675E-07
299 0.009471751 0.137535577
300 2 .36546E-05 0.000619247
301 2.43874E-06 7.18567E-05
302 1.87143E-06 0.023376097
303 3.85059E-09 1.24194E-07
304 41.3040993 6195.91229
305 2.76478E-05 0.000290262
306 1 55225E-05 0.000177791
307 4.35889E-06 -0.001117441
308 0.2020921
309 6.97024E-06 6.00233E-05
310 1 65969E-09 4.13681 E-08
311 4.49377E-06 1.30171 E-05
312 6.48869E-07 -0.000292403
313 1.59596E-05 0.220808285
314 0.000735863 1.892983314
315 99.91215741
316 0.634229226
317 1.489398961
318 0 0 0 526.2860434
319 173.887673 -2911.612215
320
D etails o f  D ata  unable  to be shown in  th is  docum ent
Because of a confidentiality agreement developed with the papermaker involved in the Local 
Paper for London cycle (M-real, Sittingboume, Kent), it has been necessaiy to withhold from 
publication certain specific data relating to the existing de-inking and paper manufacturing 
processes, and for some suggested improvement strategies.
This includes specific data in the following areas:
o In the LPfL ‘base-case’ LCA, precise details of de-inking and papermaking processes, 
including:
- Specific details of chemicals used in the processes
- Sources of chemicals used.
- Specific details of transportation journeys relating to chemicals used.
- Exact details of existing on-site energy generation efficiencies via the CHP plant
- Exact composition details of the previous method of sludge disposal -  namely its use as a 
soil enhancer.
o In the LPfL LCA improvement strategies:
- Specific details concerning the technical operation of the planned energy from sludge 
process, including information concerning the gross calorific value, the process efficiency 
and the volume of sludge used
- Any specific details of the type and technical characteristics of the proposed fibre-based co­
product being considered, (offers to the papermaking company where made and 
documented by the author to develop basic life cycle analysis data for this process, but all 
offers where declined).
- Any specific details of the energy from paper plant first suggested herein. Detailed 
theoretical data was developed by the author in co-operation with Powergen CHP Ltd (the 
company project managing the proposed energy from sludge plant at the papermakers mill) 
This data is held by the author and includes theoretical data on system efficiencies, potential 
throughputs and energy outputs from such a process, (offers to the papermaking company 
where made and documented by the author to develop basic life cycle analysis data for this 
process, but all offers where declined).
If required, access to any of the abovementioned data could only be considered after written 
application to the author and subsequent discussions with the papermaker.
